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PREFACE. 


The  last  edition  has  been  required  so  speedily  that  I  am 
personally  a  little  worried  in  not  being  well  prepared  for 
a  new  issue. 

However,  there  are  many  valuable  additions  and  a  few 
deletions  in  the  present  edition. 

There  are  so  many  workers  at  volumetric  processes  now 
that  it  is  simply  impossible  to  verify  all  suggested  methods, 
and  I  have  to  acknowledge  very  willingly  that  the  short 
abstracts  occurring  in  the  Chemical  Society's  Journal^  the 
Journal  of  the  Society  of  Chemical  Industry,  the  Analyst  and 
Chemical  Newny  have  supplied  me  with  a  large  amount  of 
information,  and  some  of  which  I  have  quoted  almost 
verbatim.  This  abstract  work  is  so  well  done  in  many 
cases  that  all  the  essential  matter  is  contained. 

My  desire  has  always  been  to  keep  a  Handbook  as  a 
portable  and  convenient  reference  book. 

In  the  present  edition  the  actual  number  of  pages  is  less 
than  the  last,  but  the  size  of  page  has  been  slightly  enlarged, 
and,  therefore,  the  matter  is  considerably  more  than 
formerly. 
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VI  PREFACE. 

I  have  to  acknowledge  the  help  of  some  contributors, 
namely,  Dr.  E.  Knecht,  for  the  examination  of  modern 
organic  dyes  and  the  history  of  a  new  material  as  a  re- 
agent for  special  work,  and  to  the  Chief  Inspector  under 
the  Alkali  Works  Regulation  Acts,  and  his  Assistant  Chemist, 
for  the  summary  of  their  work  upon  ammoniacal  liquors. 

I  have  also  to  thank  Mr.  W.  H.  Sodeau,  B.  Sc,  for  the 
description  of  his  gas  apparatus;  and,  not  the  least,  Mr. 
A.  E.  Johnson,  P.I.C.,  for  helping  me  with  the  enlarge- 
ment and  improvement  in  the  new  index.  His  most  useful 
Laboratory  Companion  has  always  been  a  comfort  and 
help  to  me  in  the  usual  work  of  a  laboratory. 


FEANCIS    SUTTON. 


NORWICIf, 

June,  1904. 
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International 
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Symbol. 

Al 

Atomic  Wevbt, 
1908,    0:-16. 

adopted  in 
thit  Edition. 

Aluiniiiiuiii 

27-1 

27  1 

Antimony          -         -     .   - 

Sb 

120-2 

120  0 

Arsenic    .         -         -         - 

As 

750 

75  0 

liariuni     .         -         -         - 

Ba 

137-4 

136-8 

Bismuth  -         -         -         - 

Bi 

208-5 

208  0 

Bromine  .         -         -         - 

Br 

79-96 

80-0 

Cadmium 

Cd 

112-4 

111-6 

Calcium   -         -         -         - 

Ca 

40-1 

400 

Carbon     .         -         -         - 

C 

12-0 

120 

Cerium     .         -         -         - 

Ce 

1400 

1400 

Chlorine 

CI 

35-45 

35-45 

Chromium 

Cr 

52-1 

52  1 

Cobalt      .... 

Co 

59  0 

590 

Copper     -         -         -         - 
(loKl         .         -         -         . 

Cu 
Au 

63-6 
197-2 

63  0 
196-5 

Hydrogen 

H 

1  -008 

1-0 

Iodine      -         - .       - 

1      I 

126-85 

1270 

Iron          _         -         .         - 

Fe 

55-9 

56-0 

Lead         .         -         -         - 

Pb 

206-9 

206-9 

Magnesium 

Mg 

24-36 

24-36 

^lanimnese 

Mn 

55-0 

550 

Mcrcurv 

Hg 

200-0 

200-0 

^lolybih'.num 

Mo 

96-0 

96  0 

Nickel      .         -         -         . 

Ni 

58-7 

59  0 

Nitrogen  -         .         -         - 

N 

14  04 

14-0 

Oxygen    -         -         -         - 

(J 

16-0 

16-0 

Pliosphorus 

P 

310 

310 

Platinum - 

Pt 

194%^ 

194-8 

Potassium 

K 

3915 

390 

Silver       .         -         -         - 

Ag 

107-93 

107-93 

Sodium    -         .         -         - 

Na 

23  05 

23  0 

Strontium 

Sr 

87-6 

87-6 

Suli)hur   -         .         -         - 

S 

32-06 

320 

Tin           .... 

Sn 

119-0 

1180 

Tungsten 

W 

184-0 

1840 

Uranium 

Vt 

238-5 

2400 

Vanadium 

Va 

51-2 

51-2 

Zinc          -         -         -         - 

Zn 

65-4 

65-0 

[xi] 

Abbreyiations  and  Explanations. 

TUe  formulee  are  constructed  on  the  Imsis  H  =  l.  0=16. 
HjOslS. 

The  normal  teni|)erature  for  the  prejiaration  and  use  of  standanl 
solutions  is  16°  C,  or  about  60°  Fahr. 

C.C.  denotes  cubic  centimeter. 

gm.       „       gram= 15*43235  grains. 

grn.      „       grain. 

dm.       „       decern.  =  10  fluid  grains  at  16°  C. 

1  lit€r=1000  c.c.  at  16°  C. 

1  c.c.  =  l  gm.  distilled  water  at  16*  C. 

1  dm. =10  grn.         „  „ 

Distilled  water  is  to  l)e  used  in  all  the  processes,  unless  otherwise 
expressed. 

Normal  Solutions  are  those  which  contain  one  gram  atom  of 
reagent  (taken  as  monobasic),  or  an  equivalent  in  some  active 
constitutent  {e,g,,  oxygen)  in  the  liter  (see  page  26). 

Decinormal  Solutions  are  one-tentli  of  that  8tit;ngth=^/io. 

Centiuormal,  one  hundredth =*/ioo» 

Empirical  Standard  Solutions  are  those  which  contain  no 
exact  atomic  proportion  of  reagent,  but  are  constructed  generally  so 
tliat  1  c.c. =0*01  gm.  (one  centigram)  of  the  substance  sought. 

A  Titrated  Solution  (from  the  French  wonl  fifrCy  title  or  i)ower) 
denotes  a  solution  whose  strength  or  chemical  iM)wor  has  Iweu 
accurately  found  by  experiment. 

When  a  chemical  substance  or  solution  is  din^cted  to  l>e  fifniff^d, 
tlie  meaning  is,  that  it  is  to  l)e  quantitatively  tested  for  the  amount 
of  pure  substance  it  contains  by  the  lielp  of  standanl  or  titrated 
solutions.  The  term  is  used  in  preference  to  frjdof.l  or  (inalyz*'dy 
because  these  expressions  may  relate  equally  to  (pialitative  and 
quantitative  examinations,  whereas  titrations  ciui  only  apply  to 
quantitative  examination. 

/.  C,  S.  denotes  Journal  of  the  Chemical  Society  (Tnmsactions 
only). 

/.  *S.  C.  /.    „  Journal  of  the  Society  of  Cheuiical  Industry. 

Z,  a,  C,         „  Zeitsclirift  fiir  Analytische  Chemie. 

C,  X,  „  Chemical  News. 

BerichtH         „  Berichte  der  Deutschen  Chemischen  (Jesellshaft. 

J,  Am.  C.  S.  „  Journal  of  the  American  Chemical  Scniety. 

Other  book  references  are  given  in  full. 


ERRATA. 

Page    83.  First  note  for  HN3,  read  NH3. 

142.  Second  line  from  top,  for  16*966,  read  16-988. 

220.  No.  7,  for  §  73.3,  read  §  74.3. 

342.  Thirteenth  line  from  bottom,  for  tannin,  read  tannic. 

478.  Lines  11  and  12,  for  A-B,  read  (A-B). 

499.  Ninth  line  from  bottom,  for  01=35*37,  read  35*45. 

The  logs,  for  CI  and  Na  CI  should  be  3*54962  and  3*76678. 

501.  Ditto  for  Ag  and  Ag  N03,  2*0329  and  2*23040. 

ADDENDUM. 

Page  495.     The  figures  in  Table  No.  7  apply  only  to  50  c.c.  of  Standard 

Calcium  Solution  of  14"  liardness  (s?ee  p.  423). 
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PART  I. 

GENEBAIi    FBINCIFLES. 

§  L  (Quantitative  analysis  by  weight,  or  gravimetric  analysis, 
consists  in  sejwirating  out  the  constituents  of  any  coniiMiund,  either 
in  a  puiv  state*  or  in  tlie  form  of  sonu^  new  substance  of  known 
comiM>sition,  and  accurately  weighing  the  jmnlucts.  Such  oiH»mtions 
are  fivquently  very  comjilicated,  and  occupy  a  long  time,  l)esides 
n»(|uiring  in  many  cases  elahorat<^  aj>j)amtus,  and  the  ex(u*cise  of  much 
caixi  and  exj>erimental  knowle<lge.  Volumetric;  processes  on  the  other 
hand,  are,  as  a  rule,  (piickly  jwrformed  ;  in  most  castas  are  susceptible 
of  extreme  accuracy,  and  need  much  simjder  ap]uiratus.  The  leading 
principle  of  the  nu'thod  consists  in  submitting  th«'  substance  to  be 
estimateil  to  certiiin  chamcteristic  n'actions,  emjiloying  for  such 
Inactions  solutions  (►f  known  strength,  and  from  the  volume  of 
solution  necessiirv  f<>r  the  production  of  such  reaction,  determining 
the  weiglit  <»f  the  subsUmce  to  be  estimated  by  aid  of  the  known 
laws  of  chemical  ecpii valence. 

Volumetritr  analysis,  or  (piantitiitive  chemical  analysis  by  measure, 
in  the  case  of  liijuids  and  solids,  c(mse(piontly  depends  ujMm  the 
following  conditions  for  its  successful  j>ractice  : — 

L  A  solution  of  the  rengent,  the  chemical  jjower  of  which  is 
accuratelv  known,  called  the  "standard  solution." 

2  A  graduated  vessel  fn)m  which  juirtions  of  it  may  br 
accurately  delivered,  called  the  "  1)urette." 

3.  The  dec<»mposition  produced  by  the  sUindard  sr»Iution  with 
anv  given  substance  must  either  in  its«'lf  or  bv  an  indicator  be  such, 
that  iff*  ferminafion  in  unwinfakaltle  to  the  ef/e,  and  thereby  the 
quantity  of  the  su])stance  with  which  it  has  combined  at.'cumtely 
calculated, 

Supi»ose,  for  instance,  that  it  is  desirable  to  know  the  quantity  of 
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pure  silver  contained  in  a  shilling.  The  coin  is  first  dissolved  in 
nitric  acid,  by  which  means  a  bluish  solution,  containing  silver, 
copper,  and  probably  other  metals,  is  obtained.  It  is  a  known  fact 
tliat  chlorine  combines  with  silver  in  the  presence  of  other  metals 
to  form  silver  chloride,  which  is  insoluble  in  nitric  acid.  The  pro- 
portions in  which  the  combination  takes  place  are  35*45  of  cldorine 
to  every  107*93  of  silver  ;  consequently,  if  a  standard  solution  of 
pm'e  sodium  chloride  is  prejmred  by  dissolving  in  water  such  a  weight 
©f  the  salt  as  will  be  equivalent  to  35*45  grains  of  chlorine  (  =  58*37 
grains  KaCl)  and  diluting  to  the  measure  of  1000  grains  ;  every 
single  grain  measure  of  this  solution  will  combine  with  0*10793  grain 
of  pure  silver  to  form  silver  chloride,  which  .is  precipitated  to  the 
bottom  of  the  vessel  in  which  the  mixtm-e  is  made.  In  the  process 
ef  adding  the  sidt  solution  to  the  silver,  drop  by  drop,  a  point  is  at 
last  reached  when  the  precipitate  ceases  to  form.  Here  the  process 
must  stop.  On  looking  carefully  at  the  graduated  vessel  from 
which  the  'standard  solution  has  been  used,  the  operator  sees  at 
ence  the  nund)er  of  grain  measures  which  has  becMi  necessary  to 
produce  the  cciiiplete  decomi)08ition.  For  exam|)h\  suppose  the 
quantity  used  was  520  grain  measiires  ;  all  that  is  necessjiry  to  be 
done  is  to  midtiply  520  by  the  coefficient  for  each  grain  measure, 
viz.  0*10793,  whicii  shows  the  amount  of  pure  silver  present  to  be 
56*123  grains. 

This  method  of  determining  the  (quantity  of  silver  in  any  given 
solution  occupies  scarcely  a  quarter  of  an  hoiir,  whereas  the  estimation 
by  weighing  coidd  not  l)e  done  in  half  a  day,  and  even  then  not  so 
accurately  as  by  the  volumetric  method.  It  must  be  underst(M>d 
that  there  are  certain  necessary  jirecautions  in  conducting  the  above 
process  which  have  not  been  described  ;  those  will  be  found  in  their 
proper  place  ;  l)ut  from  this  example  it  will  at  once  be  seen  that  the 
saving  of  time  and  trouble,  as  comi>ared  with  the  older  methods  of 
anal^'sis,  is  immense  ;  besides  which,  in  the  majority  of  instances 
in  which  it  can  be  applied,  it  is  ecjually  accurate,  and  in  many  cases 
much  more  so. 

The  only  conditions  on  whicli  the  volumetric  system  of  analysis 
are  to  be  carried  on  successfully  are,  that  great  care  is  taken  with 
respect  to  the  graduation  of  the  measiiring  instruments,  and  their 
agreement  with  each  other,  the  strength  and  purity  of  the  standard 
solutions,  and  the  absence  of  other  matters  whicli  woidd  interfere 
with  the  accurate  estimation  of  the  particular  substance  sought. 

The  fundamental  distinction  between  gravimetric  and  voliunetric 
analysis  is,  that  in  the  former  method,  the  substance  to  be 
estimated  must  be  (completely  isolated  in  the  purest  possible  state 
or  combination,  necessitating  iji  many  instances  very  jjatient  and 
discriminating  labour ;  whereas,  in  volumetric  processes,  such  com- 
plete separation  is  very  seldom  nquired,  the  processes  being  so 
contrived  as  to  admit  of  the  presence  of  half  a  dozen  or  more 
other  substances  which  have  no  effect  upon  the  particular  chemical 
reaction  recpiired. 

The  process  just  described  for  instance,  the  estimation  of  silver 
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in  coin,  is  a  case  in  jKuiit.  The  alloy  eonsists  of  silver  aii<l  copjHjr, 
witli  small  projxjrtioiiH  of  lead,  autiniony,  tin,  gold,  etc.  None  of 
these  things  affect  the  amount  of  salt  solution  which  is  chemically 
re<piire<l  to  jirecipitate  the  silver,  whereas,  if  the  metal  had  to  be 
detennine«l  hy  weight  it  would  l)e  necessiirv  to  first  filter  the  nitric 
acid  solution  Uy  free  it  from  insoluble  tin,  g<>ltl,  etc.  ;  then  jirecijutate 
with  a  slight  excess  of  so<lium  chloride  ;  then  to  bring  the  precipitate 
\\\x}n  a  filter,  and  wash  repeatedly  with  pure  water  until  every  trace 
of  cop|)er,  salt,  eti.*.,  is  removed.  The  jmre  silver  chloride  is  then 
t^refidly  dried,  ignit^ul  s<'j>amtely  from  the  filter,  and  weighed  ;  the 
filter  bunit,  r(\'^idue  as  reduce<l  metallic  silver  and  iilt<*r  ash  allowed 
for,  and  thus  linallv  the  anmunt  of  silver  is  found  bv  the  Iwilance  with 
ortUnary  weights. 

On  the  other  hand  the  volumetric  process  has  Im^cii  jnirely  chemical, 
the. burette  or  measuring  instrument  has  tak(»n  the  place  of  the 
balance,  and  theoretical  or  atomic  weights  have  su|)j)lant<.Ml  onlinary 
weights 

The  end  of  the  ojienition  in  this  meth<Ml  of  analysis  is  in  all  cases 
made  a])parent  to  the  eve.  In  alkalimetry  it  is  the  <*luinge  of  colour 
pnxluced  in  litmus,  turmeric,  or  other  sensitive,  colouring  matter. 
The  formation  of  a  jwrmanrMit  preci])itate,  as  in  the  estimation  of 
cyanog(*n.  A  precipit^iU'  ceasing  to  form,  as  in  chlorine  and  silver 
determination.  The  app<'arance  of  a  tlistinct  colour,  as  in  iron 
analysis  by  jxTinangjinate  solution,  and  so  on. 

I  have  a<loi)ted  the  claHsific^ition  of  methods  used  bv  Mohr  and 
others,  namely  : 

1.  Where  the  determination  of  the  subsUmce  is  effected  bv 
saturation  with  another  substance  of  op|M)site  |)ro])erties — generally 
understo<Hl  to  include  acids  and  alkalies,  or  alkaline  earths. 

2.  Where  the  determination  of  a  substance  is  elfected  })y  a  reducing 
or  oxidizing  agent  of  known  power,  including  most  metals,  with  their 
oxide^s  and  salts  ;  the  ]>rinci{>al  <>xidizing  agents  being  [Mitassium 
IHjrmanganate,  nr  liichroniate,  niu\  iodine  ;  and  the  corres])onding 
retlucing  agents,  ferrous  and  sUmnous  compoumls,  an<l  sodium  thio- 
sidphate. 

3.  WlnTc  the  determination  of  a  subsUmce  is  effected  by  pre- 
cipitating it  in  sonu*  insoluble  and  definite  combination,  an  example 
of  which  occui*s  in  the  estimation  of  silver  described  above*. 

This  classification  does  not  rigidly  include  all  the  volumetric 
processes  that  may  be  used,  but  it  divides  them  int<j  convenient 
sections  for  describing  the  peculiarity  of  the  n»agents  used,  and 
their  ])rej>aratit)n.  If  strictly  fojlowe^l  out,  it  would  in  sonn*  cases 
neceasitiite  tlie  registmtion  of  the  l>ody  to  be  estimate<l  undcM*  two  <>r 
tliree  he^ds.  Cojiper,  for  instance,  can  be  determined  residually  by 
jMjrmanganate ;  it  can  also  be  determined  by  preci[)itation  with  so<lium 
sidj»hide.  The  estimation  of  the  same  metal  l)y  potassium  cyanid(*, 
on  the  other  hand,  would  not  come  under  any  of  the  heads. 

It  will  be  found,  therefore,  that  liberties  have  been  tjxken  with  tlui 
arrangement ;  and  for  convenient  reference  all  analytical  processes 
applicable  to  a  given  body  are  included  under  its  name. 

^  ^1 
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It  may  be  a  matter  of  surprise  to  some  that  seveml  distinct  volu- 
metric methods  for  one  and  the  sjime  siibstance  are  given  ;  l)ut  a  little 
consideration  will  show  tliat  in  many  instances  greater  convenience, 
and  also  accuracy,  may  be  gauied  in  this  way.  The  operator  may  not 
have  one  particidar  reagent  at  connuand,  or  he  may  have  to  deal  with 
8ucli  a  mixture  of  substance  as  to  i)reclu(le  the  use  of  some  one 
method  ;  whereas  another  may  be  quite  free  from  such  objection. 
The  choice  in  such  cases  of  com'se  requires  judgment,  and  it  is  of  the 
greatest  imjiortance  that  the  operator  shall  be  acquaint(?d  with  tho 
qualitative  composition  of  the  matters  with  which  he  is  dealing,  and 
that  he  should  ask  himself  at  every  step  why  such  and  such  a  thing 
is  don(». 

It  will  l)e  apparent  from  the  foregouig  description  of  the  vohimetrie 
system,  that  it  mav  be  successfullv  used  in  manv  instances  bv  those 
who  have  never  ])een  thoroughly  trained  as  analytical  chemists  ;  but 
we  can  never  look  for  the  scientitic  development  of  the  system  in  such 
hands  as  these. 

In  the  j)reparation  of  this  work  an  endeavour  has  l>een  made  to 
descri})e  all  the  ojierations  and  chemical  reactions  as  simply  aft 
possible,  i)uri)osely  avoiding  abstruse  mathematical  (;x]>ressions,  wldch, 
though  they  may  be  more  consonant  with  the  m<»dern  study  of 
chemical  science,  are  hardly  adai>ted  to  the  t(?chnical  operator. 
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THE   1NSTRI:MEXTS   and   APIUKATUS. 

THE    BALANCE. 

§  2.  Strictly  speak  iiij^',  it  is  ncfossary  to  have  two  Iwlanees  in 
oilier  to  carry  out  the  volumetrie  system  completely ;  one  to  carry 
about  a  kiloj^mm  in  each  \mu,  an<l  turn  when  loatled  with  ahout  five 
milligrams.  This  instrument  is  used  for  gmduating  Hasks,  or  for 
testing  them,  an<l  for  weighing  large  amounts  of  pun^  n»agents  for 
standanl  solutions.  The  set'ond  balance  should  he  liglit  and  <lelieati», 
and  to  carry  about  fifty  grams,  and  turn  easily  and  (piickly  wlien 
loaded  with  one  or  two-tenths  of  a  milligram.  This  instrument  serves 
for  weighing  small  ijuantities  of  substances  to  b(»  tested,  many  of 
which  art*  hygroscopic,  and  need  to  lie  weighed  cpii^'kly  and  with  great 
accuracy  ;  it  also  serves  for  testing  the  accuracy  of  pipettes  and 
bun»ttes. 

For  air  technical  purposes,  however,  a  modemte-sized  balance  of 
nKMlium  <hdicacy  is  quite  suthcient,  especially  if  mther  large  quantities 
of  substiinces  are  weighed  and  })rought  into  solution  -then  further 
sulwlivided  by  means  of  measuring  Hasks  an<l  pipett«'s. 

Th(^  ojM'mt4)r  also  rcipiires,  l)esi<les  the  Iwdance  and  graduated 
instruments  a  few  ])eakers,  porcelain  i>asins,  flasks,  funnels,  stirring 
rods,  et<'.,  as  in  gravimetric  analysis  ;  alwjve  all  Ik*  must  be  practically 
familiar  with  pi*o]K'r  methods  of  filtration,  washing  of  j)recipitates,  and 
tlie  a))plication  of  heat. 

VOLUMETRIC    ANALYSIS    WITHOUT    WEIGHTS. 

§  3.  This  is  more  a  matter  of  <-uriosity  tlian  of  value  ;  but, 
neverthide.ss,  oni'  can  imagine  ciix'umstiinces  in  wliich  it  might  be 
useful.  In  carrying  it  out,  it  is  necessary  only  to  have  (1)  a  correct 
balance,  (2)  a  pure  s])ecimen  of  subsUmce  to  use  as  a  weight,  (3)  an 
accurate  burette  filled  with  the  appro]>riate  s(>lution.  It  is  not 
necessiiry  that  the  strength  of  this  slumld  b(»  known  ;  but  the  sUite 
of  concentration  should  be  such  as  to  ])ermit  tin?  neeessiiry  reaction  to 
occur  under  the  most  favourable  ciix'umstances. 

If  a  perf<*ctly  ]»ure  specimen  of  substance,  s^iy  calcium  carl>onate,  be 
put  into  one  scale  of  the  balance,  and  be  count<'ri>oised  with  an  impure 
specimen  of  the  siime  substanci',  an<l  both  titrated  with  the  siime  a<!id, 
an<l  the  number  of  c.c.  used  for  the  j>ure  substiince  be  called  100,  the 
number  of  c.c.  used  for  the  im[)ure  substance  will  correspoml  t(»  the 
jH^rcentage  of  jnire  calcium  carbonate  in  the  sjM'cimen  examined. 

The  ai>plication  of  the  process  is,  of  coui*se,  limiU'd  to  the  use  of 
Huch  substances  as  are  to  ])e  had  ]»un»,  and  whose  weight  is  not 
variable  by  exjM)sure  ;  but  where  even  a  i>ure  substance  of  one  kind 
cannot  be  had  as  a  weight,  one  of  another  kind  may  be  used  as 
a  substitute,  ami  the  ivijuinMl  ivsult  obtained  by  calculation.  For 
instiince,  it  is  re<piired  to  ascertjiin  the  jmrity  of  a  specimen  of  sodium 
carbonate*,  and   only    pure   calcium  carbonate   is  at  hand   to  use  as 
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a  weight  ;  equal  weiglits  of  the  two  are  taken,  and  the  impure 
8l>ecimen  titinte<l  with  acid.  To  arrive  at  the  required  answer,  it  is 
necessary  to  find  a  coefficient  or  factor  hy  wliicli  to  convert  tlie 
niiuiher  of  c.o.  required  ])y  the  sodium  carbonate,  weighcnl  on  the 
calcium,  into  that  which  should  he  required  if  weigheil  on  the  sodium 
Imsis.  A  consideration  of  the  relative  mole<*ular  weights  of  the  two 
bodies  will  give  the  factor  thus — 

Calcium  carbonate   100 
Soilium  carbonate   106  ~ 

If,  therefore,  the  c.c.  used  are  multiplied  ])y  this  number,  the  per- 
centage of  pure  so<lium  carbonate  will  i>e  obtained.  The  mc^thod  may 
l>e  extended  to  a  number  of  substances,  on  this  princij>le,  with  the 
exercise  of  a  little  ingenuity. 

L.  de  Koningh  has  communicated  to  me  a  similar  metho^l  devised 
by  himself  and  Peacock,  in  which  the  same  end  is  attiiined  without 
the  aid  of  a  pure  substance  as  standard,  thus :  Say  a  s]>ecimen  of 
imimre  common  salt  is  to  be  examined,  a  moderate  portion  is  put  on 
the  balance  and  counterpoised  with  silver  nitrate  ;  the  latter  is  then 
dissolved  up  to  100  (;.c.  and  plac(ul  in  a  burette.  The  salt  is  dissolved 
in  wat^*r,  a  few  drops  of  chromate  added  and  titmted  witli  the  silver 
solution,  of  which  10  c.c.  is  recpiired  :  the  salt  is  therefoix?  equal  to 
10  per  cent,  of  its  weiglit  of  siher  nitmte,  then — 

17-93  :  58  45  :  :   10  =  3-42  7    XaCl 

Or,  in  th(?  case  of  an  iuipure  soda  ash,  an  espial  weight  of  oxalic  acid 
is  taken  and  made  up  to  100  c.c.  ;  the  soda  re<piires,  say,  50  c.c.  for 
satumtion,  or  50  i)er  cent.,  tlien — 

126  :  106  :  :  50  =  42  7^  ^X,C(),^ 

It  may  happen  that,  in  some  cases,  more  than  one  portion  of  the 
reagent  is  required  to  decomi>ose  the  substance  titrated,  and  to  provide 
against  this  two  or  more  lots  sh(mld  be  weighed  in  the  first  instance. 

VOLUMETRIC    ANAIiYSIS   WITHOUT    BUBETTES    OB 
OTHER    GRADUATED    INSTRUMENTS. 

§  4.  This  o] K-ration  consists  in  weighing  the  standanl  solutions  on 
the  l>alance  inst^^ad  of  measuring  them.  Tlie  influence  of  variation  in 
tem|>erature  is,  of  course,  here  of  no  consequence.  The  chief  requisite 
is  a  delicate  flask,  fitted  M-ith  a  tul»e  and  blowing  ball,  as  in  the  burette 
fig.  7,  or  an  instrument  known  as  Schuster's  alkalimeter  may  l)e 
used.  A  special  buretk*  has  l>een  devised  for  this  puqx>se  by 
Casamajor  {G.  N.  xxxv.  -98).  Tlie  method  is  capable  of  very 
accurate  results,  if  care  be  taken  in  preparing  the  standard  solutions 
and  avoiding  any  loss  in  pouring  the  licpiid  from  the  vessel  in  which 
it  is  weighed.  It  occupies  much  more  time  than  the  usual  processes 
of  volumetric  analysis,  but  at  great  extremes  of  temperature  it  is  far 
more,  accurate. 
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THE    BUEETTE. 

§  5.  This  instnmioiit  is  nm^il  for  tin-  del 
measurctl  ijiiantity  >>f  miv  imrticiiliir  Mtiiinliiiil  ( 
('•msisU  iii  a  !ini(;  k'*'*^  l"'"'  "^  even  liniT,  tli 


jliition.     It  iiiviiriiilily 

STifjlumt  lli(j  IfUtitli  of 


wliich  aiv  cii^mvoil,  1> 
torwsi^niHiif;  t"  a  kim 
It  tiuiv  Iw  (ibtuiiii'il  i 
re8[>pctivi'  invent!  ir»,  mv 
some  of    these  jxissess  a 

<)uite  a  niattiT  rif  iiidiffei'cnco  wliieli  ik  tiMcil,  an 
tieiicrijitioii  of  tliuni  iiiity  not  Ite  <iut  of  jtlacc  )icre. 
iiidia-niljl>cr  tulip  nn,\  flip,  contrived  by  Molir, 
and  2,  and  with  stoiuMwk  in  tift.  3.     fliia  liitti-r 


>  iiicHiis  of  liyilrofliiorie 
Kii  viilume  of  fluid. 
n  n  Kt^Rt  niaiiv  furnis.  iiiidi' 
"     *  Mohr,  iiay  LuBstie, 
ueideil  Huj«rioritv  ovi 


'  the  naiuc^  of  their 
Kinks,  cU:.,  1iut  as 
r  uthcTH,  it  is  not 
1  tlierefurc  a  Rlifjht 
The  Imrctt*,  with 
is  sliown  in  A^m.  1 
fonii  of  instniment 
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IS  noil  maik  ami  siilil  at  such  a  innUrate  price  tliat  it  has  lai'gcly 
ihi]Jaieil  tilt  uiiguial  fiirui  ileiigueii  bi  Mnhr 

A  furtlier  impruvemi^iit  lu  iiiixlein  grailimt^d  instruiucntM  applicHl 
to  burettes,  IheniuHiiett'is,  it*,,  !■■  a  stn\t  of  milk  (^lass  in  the  Uihe, 
twliind  the  Knwliintum  marks  niiil  h„T.u\s  nhifli  are  filled  ivitli  Mack 
laniiHli  to  reniler  thtiii  eonsiiKuoiH 


Fig.  8. 


Fig  4. 


The  ailvantaged  jiusseHried  by  lltihr'n  liuri'tti'  are,  that  its  fixeil 
iijiriglit  position  enahleM  the  oiieratirr  at  once  t"  reail  oH'  the  vohime  <if 
suliitiini  iiseil  fur  any  analysis.  The  ijiiautity  of  fluid  to  Iw  delivered 
«an  be  regulated  to  tlie  greatest  nicety  ;  and  tlie  iiistniiiient  not  Ijeiiiy 
held  in  the  liand,  there  is  no  ehaitee  uf  inenMning  the  hnlk  of  the 
fluid  hy  the  heat  of  the  IhxIv,  and  thus  leading  to  ineoiTect  lueasiire- 
ment,  as  is  the  case  with  IJinks'  or  Cay  Lussac'a  Inirette.  Th« 
Iiriiiei]ial  diaadvautage,  however,  of  these  two  latter  fonnH  in,  that 
a  correct  reading  can  only  I*  obtaiue<l  by  jilacing  them  in  an  tipright 
position,  and  allowing  the  flnid  to  find  its  perfect  level.  The  iirefeiviice 
should,  tJierefore,  nnliesitatingly  he  given  to  Mohr's  burette.  The 
tap  biirette  may  be  used  not  oiily  for  siJutimis  affected  by  the  ntblM-r 
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tiilie,  Imt  fur  dl  irtliiT  milutioiis  iinil  iimv  al*i  Ix"  iimmniHl  »>•  «»  li) 
a<-liv.-r  tlx'  liijiiiil  ill  <ln.]>s.  ]<'»vin,^  Ix'tli'  tli<-  IiuikIs  uf  th<-  (PiN'mtor 
<1iw>i>}^K''<''  -^  ')*'^^'  iiniiiip'iiii'iit  IN  kIii'Wii  in  Pi<i.  -t,  tlif  tjiji  iH'iii^r 
|>liu:<->l  iil>]ii|u<'lv  through  tlx'  '■fit,  »•>  iih  to  iivnj.i  its  ilroppiu^'  <.iit  'if 
l-iiu'e;  till- t).mtM  mIiuwii  im- v.tv  Mmiil)  tl.iTmi.iiirt-Ts.  ( Iwiiig  t-.  tin- 
.icti-m  i)f  i«ii8tic  iilkuiifs  ii]h>ii  fjliiss,  tJi|i  l.nivtW  iln  m.t  uii-w.t  w,-1I 
f.ir  jttnmK  wiliiti<iii=*  ..f  ih.IihIi  nr  .««k,  niilrss  ■■iii].tiril  iiihI  ivaslicil 
■      iclifitrly  iift.T  iw.     A  very  n->-«\  mi«liticati' f  this  l.iin'tl.',  m 


FiK.  0. 


usiiiilly  umU;  i^  t..  tiiiv  tin-  t..j,  fiiiLii..l-^lj,iii<..l.  wl.i.'li  ii..t  nuly  ii.imiw 
iif  cuHTi-r  tilliiift  Iml  till-  liiuvtU-  nmy  In-  sliiiiH  in  ii  kIjuiiI  liv  tlii' 
(iiiilifl  ivitliuiit  ritlicr  siL|itKirl,  wi  iH  tii  1..-  tillu.1  fniiii  tl.i'  v.'rtiriil 
wlicii  titratitiff  lint  siiliitiinis.  When  uol  in  iihi'  tlii'  iliist  luny  1h-  ki-]>t 
iiiit  liv  II  mvHM;\  tiliiss  ]i].iti-.  T«-n  cimvi'iiifnt  f..riLis  ..f  sUin.l  f..r 
Molir'M  liurvth's  iin-  xhciwti  in  Itjfs.  5  aixl  I) :  in  tin-  fnnm'r,  tliv  arnix 
varryinK  tin-  bnrt'tti-s  ri'viilvf. 

s'iic<;iHl  t-ttp.  whonl.l  iilwiiys  Im'  taken  witji  Mulir's  ti.rni  -if  Imiflir 
til  till  111.'  iWivtTV  iK.int  i.f  tin-  iiistnnnmt  aii.l  tlu^  iiil.'m-niii''  inil.l.iT 
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tul-Kj  with  tlie  liquid,  before  commencing  a  titration.  This  is  easily 
(lone  by  tilling  the  burette  well  above  the  0  mark,  then  rapidly 
oj)ening  the  clip  wide  to  expel  the  air  bubbles — when  this  is  done  the 
excess  of  licjuid  may  be  ([uietly  tiui  out  to  the  mark.  In  the  tap 
bui-ette  the  air  space  is  smaller  than  with  the  nibber  tube,  but  the 
same  method  should  be  invariably  adopted. 

We  are  in(lel)ted  to  Mohr  for  another  form  of  instriunent  to  avoid 
the  contact  of  permanganate  and  india-rubber,  viz.,  the  foot  burette, 
witli  elastic  l^all,  shown  in  fig.  7. 

The  flow  of  liquid  from  the  exit  tube  can  be  regidated  to  a  great 
nicety  by  j»ressure  up(m  the  ball,  which  slioidd  be  large,  and  have  two 
openings, — one  cemented  to  the  tube  witli  marine  glue,  and  the  other 
at  the  side,  over  whicli  the  thumb  is  jJaced  when  pressed,  and  on  the 
removal  of  which  it  refills  itself  with  air. 

(iay  Lussac's  Imrette  8\i])- 
ported  in  a  wooden  foot,  may  be 
used  instead  of  tlie  above  fonn, 
by  inserting  a  good  fitting  cork 
into  the  open  end,  through  which 
a  small  tube  bent  at  right  angles 
is  passed.  If  the  burette  is 
held  in  the  right  hand,  slightly 
inclined  towanls  the  beaker  or 
flask  into  which  the  fluid  is  to  be 
measured,  and  the  mouth  applied 
to^  the  tid)e,  any  portion  of  the 
solution  may  be  emi)tied  out  by 
the  pressure  of  the  breath,  and 
the  disadvantage  of  holding 
the  instriunent  in  a  horizontid 
position,  to  the  great  danger  of 
si>illing  the  contents,  is  avoided ; 
at  the  same  time  the  beaker  or 
flask  can  be  held  in  the  left 
hand  and  shaken  so  as  to  mix 
the  fluids,  and  by  this  means 
the  end  of  the  operation  l>e 
more  ace  n  rat  el  v  determined  (see 
fig  8). 

There  is  an  armngement  of 
Mohr's  biu'ette  which  is  ex- 
tremely serviceable,  wiien  a  series  of  titrations  of  the  stime  character 
have  to  be  made,  such  as  in  alkali  works,  assay  oflice**,  etc.  It  consists 
in  having  a  T  piece  of  glass  tube  inserted  between  the  lower  end  of 
tlu?  biuxitte  and  the  spring  clip,  communicating  with  a  reservoir  of 
the  standai-d  solution,  placed  alx)ve  so  that  the  burette  may  be  filled 
by  a  syphon,  as  often  as  emi)tied,  and  in  so  gradual  a  manner  that  no 
air  bubbles  occur,  as  in  the  case  of  filling  it  with  a  funnel,  or  pouring 
in  liquid  from  a  bottle ;  l)eside  which,  this  plan  prevents  evaporation 
or  dust  in  the  standard  solution  either  in  the  burette  or  reservoir. 


Fig.  7. 


Fig.  H. 
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Figs.  9  am!  1 1  ulinw  tliis  arrangement  in  ilcUil.  Connections  of 
this  kitiil  may  now  ho  hat)  with  glosK  HtojM-ocks,  either  nf  tlie  simple 
fonii  or  tlie  gintent  two-wnj-  eix'k,  maile  liy  I.Jn-iner  niiil  Kricilriclis, 
anil  Hn|ijilieil  liy  ni'Mt  a]>iNinitnH  ilealors  (ti^;.  10). 


l'i«.   111. 

It  HometinicH  liH]i]H-nH  tliat  a  sulntion  rMinires  titration  at  a  hot  or 
even  Iwiling  tpiniKTatiire,  mifli  an  the  eMtiniatinii  o!  wuf^r  hy  (.'i)]>]mt 
solution  ;  here  the  onlinniy  aniingement  uf  Molir's  luirt-tte  will  not 
i)e  available,  since  the  xteam  riHinjr  from  the  liqiiiil  hentf  the  hiirette 
and  alters  the  vohuiLe  of  flni.l.  This  may  U'.  avoi.lei!  either  hy  iisinj; 
a  Hpecial  burette,  in  whieh  the  lower  eml  in  extenileil  at  a  ri^lit  angle 
with  a  Kt^'iM-ix-k,  or  hy  attueliing  t<i  an  onlinury  burette  a  nnu-h  longer 
piece  of  iiidia-rnhlx-r  tiil>e,  *)  that  the  burette  staniis  at  the  side  of 
the  capfiule  or  1>eaker  tieing  heated,  ami  the  elantie  tnlie  is  brought 
over  it«  edge;  the  pinch-eoek  is  fixed  niiilwny  ;  no  heal  can  then 
reach  the  Iwdy  of  fluid  in  the  Imii-tte,  since  there  can  lie  no  conduction 
past  till-  pinch-cock,  or  a  bun'tte  with  funnel  neck  deserilied  on  jiagi' 
10  may  Iw  used. 
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liny  Liissdc's  liiiiftU'  i»  slmwii  in  tigs.  S  and  12.  By  using  it  in 
tlip  fulloivinfi  niainiflr,  its  luitiiml  iliHitilviintages  may  lie  overccmu  t<> 
a  jflval  extt'Tit.  Having  tiswi  tlie  Ituri'tte  into  tlie  foot  sctun'ly,  anil 
ftlli-il  it,  t^ikc  it  ni>  1>,v  the  fixit,  anil  ri'intiiig  tlii.'  iiiijicr  end  njMui  the 
(■ilgi!  itf  thf  iMwIipr  containing  the  Muliitiim  to  Iir  titrateil,  iiroi>  tlie 
tt'ft  fliiii]  fruni  the  Imrette,  iiipanwliiJe  ntirriiig  the  eont(;iits  <if  the 


Fig.  i: 


1 

1 

henker  with  a  I'luss  mil  ■  hv  a  ■'light  eh'vation  ^ir  clejiression   llie  fl'>w 
f  U  t  I  i     I       n-jj  late  I       1 1  tl      en  1    f  tl       [rat  ■»      n\ 

tisa      dgtleana  lla-«frc      aJtimat  Ilk      ^  tl  u 

t         nt       a      1    ^1 1    n  1 1        o  tal  i  )s  I 

H     k     1    retU  II  k  I        1      t  1m    1  s^    1    1      t      ll 

]  a  t  1^     n  lat  1      f    11  f       s  1 1  f  },1      t     n 
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It  is  c. 

50  c.c.  ill 
Tlu.  ,.i> 
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iiii-ut  til  liiivi!  hun'ttiw  jimiluati'il  t<>  fcnitiiiii  fmiii  30  to 

■.f.  and  100  ot  110  c.f.  ill  5  ..r  J  t.f. 

'(K'k  H''ii'TiilIy  iisi-il  in  Mulir's  liim-ttc  iMslniwn  in  fi;;.  1. 
TiR'sc  arc  iiimlc  nf  ImusN  ami  an:  iiuw  penerally  iiiokt'I-ijtatfd  tii 
prcvfiit  t'lirrusimi ;  mmthfr  furni  is  matin  of  imi'  jiiot-t  iif  sU-fl  win.', 
as  (loviw<il  hy  Hurt :  tlic  win-  in  mifti-tifil  liy  licatitij;  ami  i-oilcil  nniml, 
an  hIiowh  iii'tij;.  K).  Wlu'ii  tin;  ypi]fT  s]ia|K>  liort  1h-<'1i  attaiiifd,  tlii^ 
cli|i  in  linrileiK'il  and  ti'Ui|H']vd  ku  as  tii  ci  invert  it  into  u  K]iriii}{. 

An<.tli(T  i.iiii-lH-.«-k  i^  sli-.wii  in  lift.  13.  It  miiv  l>i-  m»d<i  <•{  lianl 
w.Kid,  hi.ni,  ..r  i.n-f<'mMy,  ..f  flat  ghu^  n.il.  Tin'  li-vt'rs  »li..iil.l  1..- 
]i>u<;.  A  small  |m-<'<'  of  cork,  of  tin'  wiinn  tlii<:-kn.-»<  »^•  tlti'  I'laxtii- 
tiiU'  .if  tin-  Imnat.'  wln-n  |in'sMi'd  cliw,  slionl.l  Iif  fastt-m-d  at  the 
ftii^ili'!'  iif  till'  li'vi-rs  lis  sli'iM-ii  in  till'  I'ligiiivinn, 


1.*.'  of  anv  kind  of  ],iiK'li-fiH-k  may  Ih-  av..idi-d,  .in.l  a  very 
tt<tii.JL  oLUiiiu'd.  Iiv  sini|ilv  inscilitiK  «  not  too  ti);litlv  tiltiii'-; 
«..lid  fjlass  voii  into  till-  .■ia.-ti<-  tnU-,  li.-twci-n  the  .'iid  of  tli.- 
imd  till'  .-pit ;  a  lirni  wini'i-w  lii'inn  (jiven  liy  tlic  tinner  and 
II  till'  I'lastic  tnlit'  HniTimnilin)!  tlii'  riHl,  aHiiiall  (.'airnl  in  iijh'IiciI, 
I  llm  Hi|niil  I'sfajics,  and  of  Li.nwi'  i-aii  Ik*  controUi'd  iiv  tin- 
at  will  (s,.,' lig.  14). 


THE    PIPETTE. 

S  6.     The  i.i|.i-tt.-s  us.-d  in   v.luuii'tiii'   work   i 


.,  tllo 
;  (,-1111  Inn 


del 

till-   : 


L'l'rtain  (jnuiititv  ' 
U-liv 


1    tllOl 


i[nantitii'H  at  the 
vlioli'  |iii>etti',  llic 


of  tli(^  analyst.     In  tlif  fimiicr  kind,  i 
uduatioii  Klionid  Iiv  that  in  n-liieh  tlic  fluid  i 
i'iolit,  Init  tlif  last  few  drojm  eiiiiity  tliemwlves  slowly  ;  if,'  however, 
le  lower  end  of  the  |ii|iettc  In.'  touched  atiainst  the  moi.stt'ned  edge  of 
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tho  beaker  or  the  Hiirface  (if  the  iluiil  into  wliich  it  is  emptied,  the 
flow  i«  hastened  considerably,  and  in  graduating  the  pipette,  it  is 
preferable  to  adopt  this  plan. 

In  1>oth  the  whole  and  grachiated  pipetten,  the  upper  end  is  narrowed 
to  alxiut  J  inch,  so  tliat  tlie  pressnre  of  the  finger  i«  sufficient  to  arrest 
the  How  at  any  i>oiiit. 


Pipettes  are  invariably  filled  liy  tiiicking  the  iijiper  end  with  the 
luovitli,  unless  the  liquid  is  volatile  or  highly  poisonous,  in  which  ease 
it  is  best  to  use  some  other  kind  of  measnrement.  Beginners  in- 
variably find  a  difKcidty  in  quickly  filling  the  pijvctte  above  the  niavk, 
ant]  stopping  the  fluid  at  the  exact  point.  Practice  witli  pure  water 
is  the  oiiJy  method  of  overcoming  this. 

Fig.  15  shows  two  whole  ]tipett«s,  one  of  small  and  tlie  other  of 
large  capacity,  and  also  a  gnKtuated  pipette  of  medium  size.     It  must 
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be  borue  in  iiiiiul  tliiit  the  |)i|)ette  giu<luat(;d  tliroiigliuut  the  Htain  in 
not  a  reliable  iiustruiufiit  fur  acciiiat«  titntion  owiiiK  to  the  lUfliculty 
of  !'to)))>ing  tlie  Huw  of  li(]uiil  at  Hiiy  givfii  piiiit,  ami  ii'ailing  iiff  thi^ 
exttC't  lueasurenieiit.  Its  chief  uw!  is  iii  the  approximate  estiiiiiitiiui 
of  tlie  strength  of  any  Mtaiidanl  solution  in  tlie  eourHe  of  i)re|iamtioii. 

Fig.  16  Rhou'n  a  very  iiHefiil  form  of  jii])ette  for  measuring  itrting 
ttciils  iir  alkalies,  et*.,  the  Imlli  iirevciitiiig  the  entmiice  of  any  liiiiiiil 
mto  the  montli. 

THE   HEASTTBING   FLASKS. 

§  7.  TuEsB  iiuliHjiensiiMe  inslnntients  hiv  niaile  of  t-arioiiH  en|itu-ities ; 
ihey  serve  t'l  mix  iiji  stiitiiliinl  solutions  Ui  a  given  volume,  anil  aImo 
for'the  Hiil«liviMion  of  tin-  siilwUmce  to  Is*  tested  by  mi-iiiis  of  the 
])i|M;tU's.  Tliev  slioiil.l  I*  as  imrrow  in  thi-  nei-k  as  is  eoiiiimtibk 
with  jMmring  in  ami  out,  and  the  gmihiation  line  shonlil  fall  juwt 


Fig.  17.  FiR.  1 

Ih'Iow  the  middle  of  the  netk,  ho  to  allow  room  for  ^baking  up  the 
Ibiid.  Convenient  size.s  an!  100,  200,  250,  .100,  500,  and  1000  c..,. 
all  gmiliiat4^d  to  irmttUn  the  reHjietrtive  <piantitie!i.  If  rei^uiri>il  to 
ihliver  these  volniiies  they  mtwt  have  a  .second  higher  mark  in  the 
nock,  obtained  by  weighing  into  the  wetted  and  drained  Husks  Uie 
reapeetive  niiniljer  of  gmmH  of  distilled  water  at  16^  C.  A  liter  flask 
is  shown  in  fig.  17. 

W.  B.  (Jiles  has  dejwrilwd  a  modified  llask  {G.  N.  Ixi.v.  99)  shown 
in  fig.  18.  It  '\ft  liandy  in  making  up  ntandanl  solutions  where  the. 
reagent  cannot  lie  weighed  in  an  aWlutely  piire  Btiite,  f^r  instance, 
sulphuric    aci<l,    ammonium    thiocyanate,    or   uranic    sal  to.      ISucb 
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will  give  a  Hdlutiiui  lUiimt  a  iiiiitli 

is  iiimle  u])  t-.  1 100  c.t.     The  real 

strenf^tli    is   tlieii  tnki-n    liv  two 

titrations  on  25  or  30  ce!  with 

H   known   staiulanl,    so    tliat   itn 

exact  wnrkinfi  Ktreiif^th  is  known ; 

thi-  rt'iiiainiler  of  Uiu  100  c.c.  is 

tlu'ii  rcuioveil  down  to  the  1000 

c.r.  mark,  and  a  slight  eakulatiiin 

■h  water  lias 

1  K'  adiWil  to  the  1000  c.c.  to 

laki'  a  fon-ect  sohition.     If  <ni!y 

liter  is  made  ui>  an  nnkn* 

1    ue  H  left  1    tl  e  fla,k  , 

1 1    t  n    fer  e  U   a      a 


Om    THE 

COBItECT   BEADina 

OP   GRADUATED 

INSTBTTMENTS. 

The  surface  of  liquid.^ 

cimtaincil  i 

I  consequence  of  the  caiiillnry  attraction  (;xerte<l  by 
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the  silica  of  t\u:  ttil«',  ami  fimH<'i|ii.'iitIv  tli<w  is  a.  tliffiniltv  in  olilaiii- 
iiig  a  ilistimt  kvcl  in  tliu  Hiiiil  t»  !«•  iiif-aHumi.  If.  Uowt-wr,  tlin 
linvoMt  jHiiiit  of  till'  (-■iirvc  in  iiiaili-  Ui  cDinciilc  with  the  {;ra<liiiiticm 
niark,  a  i-cim-ut  |iniH'>rtioiiuI  iTiiding  in  iilwnys  oliljtiiicd,  lionoc  tliin 
iiiHIkhI  of  ruulin^'  in  the  must  nntisfiict'iry  (=»•'<■  ti;;.  :>0). 

Thi-  I'j-i!  may  Iw.-  aiwiHtt'il  nintj'rially  in  rcailiiij^  tlu'  ilivisiiim*  on 
a  ({niilniitei]  tulie  hy  MwinK  n  |iii;(ji'  uf  white  ]«|«t  r.r  i>\»\  fjlann  ln-hl 
at  mi  an^lc  of  .'10  oV  40"  fnmi  tliK  Imrcttt'  anci  iimr  the  surfni-c  uf  tlii! 
li-iuiil,  or  ,1  s,i.all  mr.1,  tin'  lower  t.i.lf  of  which  is 
l.lni-kom'.l.  Ill,-  Lii.i«'r  ivtiTsininK  whit<>.  If  the  lii.<-  of 
.livisioh  l»'t\v.'.'n  the  hkck  an.l  whit>>  Ix'  lirht  alK.nt  UH 
.'i^'hth  of  an  iiu'h  Ix'luw  thi'  surfar-..'  ..f  tli.-  li.jni.l,  an<l  th« 
<-y,-  hnm^'lil  on  a  h'V<']  will,  it,  tlu-  nicnisL-ns  th<-n  <'an  lio 
si'i-n  hv  tmiiHitiitti-il  li^fht,  liounclnl  lu'low  hv  a  shaqilv 
I  .)<<lin<-.i  hhu'k  lijK-.  A  L-ur<l  uf  this  kimi,  Aidma  nj.  anil 
I  ihiwn  a  Nii|i|K,rt,  is  of  ^n-at  usi-  in  vvrifyinj;  thu  n""l'i>ition 
i.f  thf!  hniH-tt.'s  ur  ]>i]«-tti-s  with  a  catli.-tomi'tiT.     Anotlu-r 

■  u-thi-i  is  I..  iiH-  a  i.i.T,-  i.f  jnimir,  nj-.n  whii-h  an; 
I'll  two  >tn|is  nf  Mai'k  \m]»-v,  liulf  an  im-li  aimi't; 
it  in  I'l.nUict  with  tli.>  l.iiivtU-  wi  that  th.-  i-\r  can 
i-<tf<l  ill  tin'  u[icn  «]Nir.-.  Til.-  njH.ratur  may  ('■onsiilt 
ailvaLiUifi.'    till-    .liivilioiis    for    calilimtioii    on    llu! 

f.illiiwiiif,'  |Ni^'c,  iiml  cK-UiiU  I.f  ;;iuiliiatiii{j  am!  vi-iifyin({ 
isiirinj;  instiiinii-uts  for  tlic  analysis  of  pi«i-<  us  ,|c. 
I>i-il  in  I'art  T.      En  taking;  the  tvailin^fn  of  l>iiivtt<-s, 

[knil  flanks,  til*'  );n"l<'<>tion  mark  shonl.t  t'oimi.h-  as  m-arlv  n>» 

villi  till-  li-v,-l  nf  til.-  i.iu-riitui's  IMC 

Erdmaun's  Float. —This  ust-ful  litth-  instninii-tit  ti> 
■i'i.ni|iaiiv  Mohr's  hnivlli-,  nivi-s  tin-  must  lUTurati-  ii'aiUng 
lilt  ran  U-  uliUilit-.l  ;  urn-  of  its  forms  is  shown  in  lij;.  21, 
lothi-r,  .'untaining  a  tlicrmuiii.-ti-r,  is  shown  in  lio.  i.  Tlu' 
lali-st  form  is  shown  in  i'v^.  22,  wln-n-  tin-  ritig-mnrk  is  mnilo 

■  ■  .iilh,  as  inik'.-il  it  is  Lest  til  1»-  in  all  i-asi-s.     A  sui-cial 
furm    for   us.,    with   .lark-.'oloun-.l   sohitiu.is    liki-    ii.ilin.',    !.■'■- 

i-li-.,  is  to  have-  two  hulhs  with  the  riiin-niurk  in 
,  .„.  „,.|n,  .iiilh,  iiii.l  tin-  instriiim-iit  is  so  wt-inhtfil  that  the 
T  u|>]>i-r  Inilh  stamls  out  of  the  liiini.l,  an<l  of  course 
Fi«-22,,„„y  then  he  r«a.I  off  as  easily  as  if  the  li<ini,l 
were  twn.s|jar.-iit.  Tlie  instrument  consists  usiientially  of 
an  eloU|^t(-il  }{Ias^  tiilie,  rather  Miia]|<T  in  ilianiet^T  than 
the  huretti!  itsi.-lf,  anil  weSglitftil  at  the  Irnvt-r  end  with 
H  ^'lobule  of  meniiiry.  Tlws  actual  heiRlit  of  the  li.[iii.l 
in  the  Imrt-tte  is  not  ri'^anled,  liecaiiw:  if  tiin  oiM-rttt<ii' 
tie-ins  with  the  line  on  the  flimt,  i){i])(isit<.-  the  0  f^mduatiun 
mark  on  the  Imi'etto,  the  same  |>r'ii)ortiuiial  divisiiin  is  always 
maintained. 

It  is  esxential  that  the  tliiat  should  ntovc  ugi  and  doun  in 
the  Imretti;  without  waverinjj;,  and  the  line  u]hiii  it  slnaild  (9 

always  he  iiarallel  ti>  the  (^ihiatioim  of  the  hiirette.  Fig,  23. 
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Filter  for  asoertaining  the  end-reaotion  in  certain  pro- 
cesses.— This  is  shown  in  fig.  23,  and  the  instniment  is  knoAvn  as 
Be  ale's  filter.  It  serves  well  for  taking  a  few  drops  of  clear  solution 
from  any  licjuid  in  which  a  precipitate  will  not  settle  readily.  To  use 
it,  a  piece  of  filter  paper  is  tied  over  the  lower  end,  and  over  that 
a  piece  of  fine  muslin  to  keep  the  j>aper  from  being  broken.  "\Mien 
dipped  into  a  muddy  mixture,  the  clear  fluid  rises  and  may  be  poured 
out  of  the  little  sjwut  for  testing.  If  the  process  in  hand  is  not 
completed,  the  contents  are  washed  back  to  the  bulk,  and  the  operation 
repeated  as  often  as  may  lx»  required. 


THE    CALIBRATION    OP    GRADUATED    APPARATUS. 

§  9.  It  is  obvious  that  in  the  practice  of  volumetric  analysis  the 
a])solute  correctness  of  the  graduations  of  the  vessels  used  to  a  given 
standard  is  not  necessary,  so  long  as  they  agree  with  one  another.  In 
tlie  present  day  there  are  many  makei*s  of  instruments,  some  using  the 
liter  of  1000  grams  of  distilled  water  at  4^  C,  others  at  15*5°  C,  and 
and  again  at  17*5°  C.  Under  these  circumstances  it  is  conceivable 
that  operators  may  purchase,  from  time  to  time,  a  mixture  of  instni- 
ments  of  a  heterogeneous  chamcter.  Tlie  (iornian  Im]>erial  Standard 
Commission  have  now  made  it  legal  only  to  use  for  ofhcial  purposes 
the  liter  and  its  divisions,  containing  1000  grams  of  pure  water  at 
4°  C.  (p.  23).  These  instruments  for  use  in  that  country  are  all 
stamj)ed  in  the  siime  way  as  commercial  measures  are  stamped  by  law 
in  this  country.  If,  then,  instniments  are  sent  abroad,  they  will  not 
agree  with  the  bidk  of  those  hitherto  used.  On  this  account,  as  well 
as  for  general  accumcy,  it  is  necessary  to  calibrate  or  measure  the 
divisions  upon  the  various  instruments  by  actual  experiment,  carried 
on  in  a  room  kept  at  the  temperature  of  16°  C. 

Flasks. — Tlie  shortest  way  to  get  at  the  ti-ue  ccmtents  of  a  liter 
flask,  or  to  correct  it  for  a  given  temj^erature  by  making  a  fresh  mark, 
is  to  weigh  the  contents  by  substitution,  which  is  done  as  follows : — 

The  flask  is  cleaned  and  dried,  by  fii*st  rinsing  with  alcohol,  then 
ether,  and  the  latter  blown  out  with  a  bellows  or  driven  ofl"  by  warming, 
when  cool  it  is  placed  on  a  sufliciently  large  and  sensitive  balance, 
together  with  a  kilogram  weight,  side  l3y  side — a  shallow  met^l  tray 
is  placed  on  the  other  j)an,  and  sufficient  shot  added  to  exactly  l>alance 
the  flavsk  and  weight ;  both  the  latter  are  then  removed,  leaving  the 
shot  on  the  other  pan.  The  flask  is  then  placed  level,  and  distill(;d 
water  at  16°  C.  poured  in  up  to  the  mark  ;  the  moisture  in  the  neck 
is  removed  after  a  few  minutes  by  filter  paj)er  and  the  flask  placed  on 
the  empty  pan,  if  the  two  ])ans  are  in  equilibrium  the  mark  is  correct, 
if  not,  water  must  be  added  or  i-emoved,  with  a  small  pij)ette,  and  the 
mark  altered.     Smaller  flasks  are  calibrated  in  the  same  way. 

To  calibrate  a  flask  for  delivei^ing  an  exact  liter  or  less,  some  water 
is  poured  into  the  emj>ty  flask,  which  is  drained  for  half  a  minute, 
and  weighed  with  its  stopper ;  it  is  then  filled  to  the  neck  with  jmre 
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water,  and  closed  by  the  glass  or  ruM>er  8t<)i)j)er,  to  jirevent  evaiM>mtion, 
and  watiT  added  or  removed  as  before.  A  nick  is  then  made  with 
a  diamond,  or  shaq)  file,  opjKwiU*  tlie  lowest  i>art  of  th<'  meniscus, 
which  may  Ik?  ext<»nde<l  to  a  proi>er  mark  after  the  flask  is  emptied. 
Such  a  flask,  when  corrttctly  marked,  will  deliver  the  volume  rtKpiired 
at  the  given  temjH»mture,  afti»r  the  eontc»nts  have  In^en  i>oured  out  and 
drained  for  half  a  minute. 

Burettes. — After  finnly  fixing  in  its  stand,  tilling  with  jaire  water 
at  16°  C,  and  getting  rid  of  the  air  bubbles  in  th(;  taj>  or  spit,  the 
exact  level  at  tin*  0  mark  is  made  preferably  with  an  Erdmann  float; 
successive  (piantities  of  T)  or  10  c.c.  an»  then  run  into  a  small  dry 
tared  l>eaker  ami  rapidly  weighed.  If  great  accumcy  is  recpiired 
a  closed  vessel  ought  to  be  em])loyed,  but  this  necessittites  th(»  drying 
after  each  weighing  ;  a  very  small  beaker  can  ]}v  easily  wijMnl  dry, 
ami  mpid  weighings  made  without  any  sensible  loss  of  accuracy.  If 
the  weighings  have  sln)wn  reasonable  accumcy,  say  within  a  milligmm 
or  so  for  each  c.c,  it  will  b(»  sufficiently  cornn-t  ;  if  otherwis**,  a  table 
must  1h»  constructed,  showing  th<^  corn»ct  ront<*nts  at  any  given  j)oint. 

An  excellent  m«*thod  of  <alibmting  t^ip  burettes  is  described  by 
Carnegie  (C.  X.  Ixiv.  12),  wbich  skives  the  lalniur  inv<»lved  in  the 
s(»|wirate  weighings  just  dcscribi'd,  ]>ut  docs  n(»t  give  the  weight 
contents.  A  small  column  of  ('S.„  s^itunitcd  with  water,  and  tinted 
with  iodine,  is  used  to  mcasun*  the  spaces  l»etween  the  graduation 
marks  of  the  instrument.  The  burette  is  connected  bv  rubber  tube 
with  a  reservoir  of  water  like  that  used  f(»r  mercury  in  gjis  aj)paratus, 
and  by  th<'  pfc'ssure  of  tlie  water  in  this  reservoir  5  c.c.  or  so  of  the 
C8.,  may  be  moved  from  tbe  bottom  upwanls,  throughout  the  whole 
length  of  tbe  instrument,  so  as  to  com]>are  iM>rtions  of  the  scale 
througliout.  It  is  essential  that  the  measurement  takes  place  from 
the  bottom,  wbich  is  done  by  allowing  water  to  flow  in  up  to  the 
lower  mark  of  tlie  burettt*,  then  g<'ntly  running  in  the  portion  of  CS., 
froui  a  loug  fine  pipette  ;  when  settle<l,  an<l  the  menis<'us  obsi'rved, 
a  cautious  opening  of  tbe  tnp  will  allow  of  the  movement  of  the 
c<jhnnn,   tbrougb  tbe  various  divisions,   u])  to  tbe  top. 

Pipettes.  -AVith  the  instrument  made  to  deliver  on(^  (piantity  only 
it  is  generally  sufiicient  to  fill  it  by  suction  above  the  mark,  then 
gently  release  the  pressiue  of  the  finger,  until  the  exact  mark  is 
reached.  The  contents  are  then  run  into  a  dry  tared  beaker,  dmined 
for  half  a  minute  in  contact  with  the  sides  of  the  l)eaker,  and  the 
iMMiker  (piickly  weighed.  If  not  fairly  corivct,  trials  must  be  made  by 
placing  a  thin  stri|>  of  gummed  j)ii|H*r  on  the  stem,  and  marking  the 
height  of  each  trial  until  tlu^  ci^rrect  weight  is  found,  when  a  iH*rmanent 
mark  mav  Ini  made. 

(Imduated  [)iiM*ttes  are  best  calibnited  by  filling  them  above  the 
mark,  fixing  them  in  a  sUmd  like  a  burette,  closing  the  top  with 
a  stout  pie{M»  of  rubln'r  tube,  clamped  with  a  strong  clip,  then,  after 
adjimting  the  level,  dmwing  oil'  in  (piantities  of  5  c.c.  or  sc>,  and 
weighing  in  the  same  wav  as  directed  for  bun^ttes. 

c  2 
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Cylinders. — Tlie  ouly  luetluHl  of  calibrating  tlicae  vessels  is  to 
measure  into  them  rujieateiUy  vurious  voluuifia  of  water,  from  delivery 
pipettes  uf  proved  accuracy,  taking  precautions  as  to  levi'l,  meniscus, 
and  the  proiwr  drainage  of  the  pipette  after  each  delivery.* 

Freaervation  of  Solutions. — There  are  test  solutions  whicli,  in 
coiiseipience  of  their  jirorieness  to  decomi>osition,  cannot  be  kept  at 


Kg.  24. 


any  |«rtic«lar  strengtii  for  u  lengtli  of  time  ;  consapiently  they  must 
Ije  titrated  on  every  occasii>n  before  being  useil.  Stannous  clUoride 
and  sulphurous  acids  are  examples  of  snclk  solutions.  Si>eciiil  vessels 
Iiave  been  devised  for  keeping  solutions  liable  U)  alter  in  strength  by 
access  of  air,  as  shown  in  Kgs.  24  and  25. 

Fig.  24  is  esi)ecially  applicable  to  caustic  alkaline  solutions,  the 
tube  ijassing  through  the  caoutchouc  stojijwr  Iwing  filled  with  dry 
sodo-liine,  resting  on  cotton  wik>1. 

Fig.  25,  designed  by  Mohr,  is  a  considerable  iuiiuD^'enient  ui>oii 
tliis,  since  it  allows  of  the  burette  tieing  filled  with  the  .lolution  fnmi 

imetrii!  iiutnimentB  ii  glren  Lj  Moriie  uiil 
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tlip  wtiU'c  Imttli'  niiictly,  bihI  nithniit  aiiy  access  of  air  whatt-viT.  llip 
vej4!H-l  can  Ih>  iiwil  for  caustic  alkalies,  liarrta,  fltaniiniiH  cl)I<iriil(>,  |>pr- 
iiiaii)<Hiiiiti>,  iiixl  Hii1iili<iniiiK  aciils,  nr  any  other  liqiiiil  lia)>to  tii  iiiiilcr){i) 
rhaii}!t-  liy  alisiirhiTi^  iixyt(i'ii.  KiiUImt  rorks  tiliiiiilil  he  iiwil  for  these 
liuttli-s  ;  mill  u  thhi  layer  i>f  whit<^  nimenil  dil  is  [xmreil  mi  tli<;  tt>\t  of 
thf>  suliiticiti,  when-,  nwiii^'  to  its  low  s|>eeilic  i^vity,  it  always  floats, 
I'lai'in};  nil  iiii]ieniieulile  ilivisioii  Ix'twwn  the  air  ami  the  Biihition  ; 
ami  as  this  nil  is  not  alfeeU'il  1>y  tlu-se  solutions  in  tlii-ir  <liliit4>cl  state, 
this  ftmn  is  <.>f  Kreat  ailvmitaHe.  Fin.  25  can  lie  iin|iMvecl  hy  having 
n  tH-|>-hol('il  riiiilsT  utojUM-r — one  liulii  is  iiseil  for  a  tftjijK'il  funnel. 
thnniuli  which  the  iH.tlh'  is  (ilh-,1,  the  other  hole  contains  a  small 
tajijieil  tiilie,  wiiich  is  cijM'ncil  when  ilrawing  the  stiliitiiin  out  or  in 
tilling  the  iHittte.  Snhitions  imt  atlk-tt^il  chemically  liy  L-mitact  with 
air  shiiiilil  Ite  kept  in  Uitties,  thy  corks  or  st<iiijxTH  of  whii:Ii  ai'e  |)er- 
fectly  closeil,  an.l  tici  over  with  imlia-nihlsT 
or  hja'liler  to  ].revent  eva|)<>mtion,  ami  sliimM 
further  Is-  always  shiiken  l>efi(n>  iisi",  when 
they  arc  not  (liiite  full.  The  intltienec  ..f 
hrifjht  lifjlit  u]H.]i  wiini-  Hnlntinns  is  very 
detrimental  to  tlii>ir  elieinical  stahilily  ;  lieni'c 
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ON    THE    SYSTEM     OF    WEIGHTS    AND    HEASUBES 
TO    BE    ADOPTED     IN    VOIiUHETBIC    ANAIiTSIS. 

g  10.  It  is  nin.Oi  to  Ih-  rettrett^-.l  that  the  .lecimal  system  of 
weijjhts  ami  measures  nseil  on  the  Cimtinetit  is  imt  universally 
ailopteil.  for  scientific  ami  geneiiil  pnriH)se.s,  throuyliout  the  civilizeil 
wnrM.  Its  jjreat  ailvanUif^i*  is  its  unifonuity  thiiiiiyhont.  The  unit 
of  weight  is  the  gram  (=.I5-4.1235  gmiiisi  ami  a  graui  of  ili.^tille.l 
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\vat(;r  at  4^  C,  or  39°  Falir.,  measures  exactly  a  ciiLic  centimeter. 
The  kilogram  contaiu.s  1000  grams,  the  liter  1000  cubic  centimeters. 

It  may  not  be  out  of  place  here  to  give  a  short  description  of  the 
origin  of  the  French  decimal  system,  now  used  exclusively  for  scientific 
purposes  in  tliat  country,  and  also  in  Prussia,  Austria,  HoUand,  Sweden, 
l)enmark,  Belgium,  and  Spain. 

The  commission  ai)j>ointed  in  France  for  the  imri)0se  of  instituting 
a  decimal  system  of  weights  and  measures,  founded  their  standard  on 
the  length  of  tlie  meridian  arc  between  the  pole  and  equator,  the 
ten-millionth  part  of  which  w^as  called  the  metre  (  =  39"3710  English 
inches),  although  the  accuracy  of  this  measurement  has  been  disputed. 
It  would  have  been  prefemble,  as  since  proposed,  that  the  length  of 
a  pendulum  vibrating  exactly  86,400  times  in  twcmty-four  hours,  or 
one  second  for  each  vibration,  equivalent  to  39*1372  English  inches 
v^hould  have  been  taken  tis  the  standard  metre,  in  which  case  it  would 
have  been  much  easier  to  verifv  the  standard  in  case  it  should  be 
damaged  or  destroyed.  However,  the  actual  metre  in  use  is  equal  to 
39*371  inches,  and  from  this  standard  its  multiples  and  subdivisions 
all  proceed  decimally  ;  its  one-tenth  part  l^eing  the  (Jerimetre,  one- 
hundredth  the  re?itrmetre,  and  one-thousandth  the  millimetre. 

In  accordance  with  this,  a  cube  of  distilled  water  at  its  greatest 
density,  viz.,  4°  C,  or  39'^  F'ahr.,  whose  side  measures  one  decimeter, 
has  the  weight  of  one  kilogmm,  or  1000  grams,  and  occupies  the 
volume  of  one  liter,  or  1000  cubic  centimeters.* 

This  simple  relationship  between  liquids  and  solids  is  of  gi-eat  value 
in  a  system  of  volumetric  analysis,  and  even  for  ordinary  analysis  by 
weight ;  for  technical  jnirposes  it  is  eipially  as  applicable  as  the  grain 
system^  the  results  being  invariably  tabulate<l  in  pei^centages. 

With  these  brief  explanations,  thei^fore,  I  have  only  to  state  that 
the  French  decimal  system  will  be  mainly  used  throughout  this 
treatise  ;  but  at  the  same  time,  those  who  may  desire  to  ailhere  to 
the  ordinary  grain  weights,  can  do  so  without  interfering  with  the 
accuracy  of  the  processes  described. 

As  has  been  before  stated,  the  cubic  centimeter  contains  one  gram 
of  distilled  water  at  its  greatest  density,  viz.,  4°  C,  or  39°  Fahr.  ; 
but  as  this  is  a  degree  of  temperature  at  which  it  is  im[)ossible  to  work 
for  more  than  a  month  or  two  in  the  vear,  it  is  better  to  take  the 
temperature  of  16°  C,  or  about  60^^  Fahr.,  as  the  standard;  because 
in  winter  most  labomtories  or  rooms  have  furnaces  or  other  means  of 
warmth,  and  in  sunnner  the  same  localities  ought  not,  under  ordinary 
circumstances,  to  have  a  much  higher  degree  of  heat  than  16°  C.  In 
order,  therefore,  that  the  graduation  of  instruments  on  the  metrical 
system  may  be  as  uniform  as  [)ossible  with  our  own  fluid  measures, 
the  cubic  centimeter  should  contain  one  gram  of  distilled  water  at 
16°  C.  The  true  c.c.  {i.e.  =  1  gm.  at  4°  C,  or  39°  Fahr.)  contains 
only  0*999  gm.  (strictly  0*998981)  at  that  temperature  ;  but  for  con- 

*  The  standard  liter  is  now  defined  to  be  the  volume  of  a  kilogram  of  piire  water  at 
4^  C.  It  was  originally  intended  to  be  a  cubic  decimeter^  but  is  actually  somewhat  greater. 
Hence  parts  of  a  liter,  i.e.,  deciliter,  centiliter,  and  milliliter  are  not  exactly  equivalent  to 
100. 10»  or  1  cnbic  centimeter,  thon^  for  all  practical  purposes  they  may  be  taken  to  be  so. 
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venieiice  of  working,  tuul  for  uniforiuitv  witli  (»ur  <>wii  standards  of 
volume,  it  is  lx»tter  to  make  the  e.e.  contain  one  j^'mm  at  16*^  C 
The  real  ditference  is  one-thousandth  ]>ai*t.  The  oj)enitor,  therefoiv, 
sui>i>osinj^  he  desii-es  to  graduate  liis  own  measuring  ilasks,  nnist  weigh 
into  them  250,  500,  or  1000  gmms  of  distilled  water  at  16^  C,  or 
G0°  Fahr. 

Kresenius  and  othei*s  have  advocated  the  use  of  the  strict  liter  )»v 
the  gniduation  of  instruments,  so  that  thev  shall  contain  999  gm.  at 
16°  C  Mohr,  on  tin*  contmry,  uses  a  1000  gm.,  at  the  temperature 
of  17*5^,  the  real  ditt'erencc  ]>eing  1*2  c.c.  in  the  lit<'r,  or  ahuut  one 
eight-hundredth  part. 

It  will  l)e  seen  ahi»ve  that  I  have  advocat<Ml  a  middle  coui-se  on  two 
grounds:  (1)  That  in  testing  instruments  it  is  nnich  easier  to  verify 
them  hy  means  of  rr»und  numWi-s,  such  as  5  or  10  gm.  (2)  That 
then'  are  many  thousands  of  instruments  already  in  use  varying 
Wtween  the  two  extremes  ;  ami  as  these  cannot  well  be  annihilated, 
the  adoption  ijf  a  mean  will  give  a  h^ss  j»rohahle  amount  of  error 
lietween  the  n'spective  instrumeius  ;  and,  moreov(»r,  the  ditterence 
hetween  the  liter  at  i^  and  16°  being  one-thousiindth  part,  it  is  ea.*<y 
to  correct  the  measurement  for  the  exact  liter. 

It  matters  not  wlii<h  i)lnn  is  followed,  if  all  the  instniments  in 
a  |>Jirticular  set  coincide  witli  each  other  :  hut  it  would  he  manifestly 
wrong  to  use  one  of  ^lohr's  burettes  witli  one  of  Kresenius' 
measuring  flasks.  ( )|)emtoi-s  can,  however,  without  much  ditliculty 
re-mark  their  m(»asuring  flasks  to  agrt^e  with  their  smaller  graduated 
instruments,  if  thev  are  found  to  difler  t^^  anv  material  extent. 

Variations  of  Temperature. — In  the  prt^pamtion  of  sUmdanl 
solutions,  one  thing  must  especially  1k»  l)orne  in  mind  :  namely,  that 
saline  substances  on  being  dissolved  in  water  have  a  consid(»mble  efl'ect 
u])on  the  volume  of  the  r(»sulting  liipiid.  The  same  is  also  the  case 
in  mixing  solutions  of  various  sjdts  or  acids  with  each  other  (see 
(ierlach,  '' SjM'cihsche  (lewichte  der  Salzlosungen  ;  "  also  (Jerlach, 
**Sp.  (lewichte  von  wiisserigen  Losungen,"  X.  a  C.  viii.  245). 

In  the  case  (»f  strong  solution*!,  the  condens^ition  in  volume  is  aa 
a  rule  considerable  :  and,  therefore,  in  ]>reparing  such  solutions  for 
volumetric  analysis,  or  in  diluting  such  solutions  to  a  given  volume 
for  the  purpose  of  removing  ali([Uot  jiortions  subsequently  for  examina- 
tion, sufficient  tiuKJ  must  be  given  for  liquids  to  aHsume  their  constant 
volume  at  the  standanl  tempemture.  If  the  strength  of  a  standard 
solution  is  known  for  one  tempemture,  the*  stivngth  corrc^sjKjnding  to 
another  tem])erature  can  only  be  calculate<l  if  the  mte  of  exiwinsion  by 
heat  of  the  liquid  is  known.  The  variation  cjinnot  be  estimated  by 
the  known  rule  of  ex]Minsion  in  distilled  water:  for  Gerlacli  has 
shown  that  even  weak  solutions  of  acids  and  salts  ex|>and  far  more 
than  water  for  certain  increment's  of  tenq>eniture.  The  mte  of 
expansion  for  pure  water  is  known,  and  may  be  used  for  the  purpose 
of  verifying  the  graduation  of  instruments,  where  extreme  accumcy  is 
required.     The  following  short  table  furnishes  the  data  for  correction. 

The  weight  of  1000  c.c.  of  water  at  P  C,  when  determined  by 
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r  of  iP  C.,  and  at  7 
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pressure  is 


means  of  l>mss  weigh 
equal  til  1000  -  x  gin. 

Slight  variations  of  atmospheric  jtregsnre  may  be  entirclv  (Usrogaitled. 
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jt  is  the  quantity  to  Iw  aubtractcil  from  1000  to  obtain  the  weight 
of  1000  c.c.  of  water  at  the  temperature  (*.  Thus  at  20°  2'74  niiist 
be  deilucted  from  1000  =  997 -Se. 

Hearing  tlie  foregoing  remarks  in  mind,  tlicrefore,  the  safest  phin 
in  tlie  oiierations  of  volumetric  analysis,  so  far  as  mpaRureinent  is 
CoDcemeil,  is  to  use  xolntions  as  dilute  as  possible.  Absolute  accuracy 
in  estimating  the  strength  of  stan<]anl  solutions  can  only  lie  secured 
by  weiglit,  the  ratio  of  the  weight  of  thi;  solution  to  the  weight  of 
active  sniistance  in  it  being  indepen<1ent  of  tenij>eratnre. 

Uasaniajor  {C.  -V.  x\xv,  160)  lias  made  use  of  the  data  given  by 
Matthiessen  in  his  researches  on  the  expansion  of  glass,  water,  and 
mercurj',  to  constntct  a  table  of  cont'ctions  to  be  uHcd  in  rase  of  visint; 
any  weak  standant  solution  at  a  diti'erent  tenii>orature  to  that  at  which 
it  was  originally  staiidaii.lued. 

The  ex|ansion  of  water  is  difl'erent  at  different  teuiiHratures  ;  the 
,  expansion  of  glass  is  known  to  be  constant  for  all  temperatures  np  to 
100°  C.  llie  correction  of  volume,  therefore,  'a\  gla«s  burettta,  nnwt 
be  the  known  ex[iausi(in  of  eaeh  cf,  of  water  for  every  1°  U.,  less  the 
known  exjiansion  of  glass  for  the  same  tcmperatiire. 

It  is  not  necessary  here  to  reprfwluce  the  entire  paper  of  Casauiajor, 
but  the  results  are  shortly  given  in  the  following  table. 

Tlie  normal  temiieratnre  is  15°  C;  and  the  figures  given  are  the 
nd  expansions  al>ove,  15^  (_', 
De)!.C. 


relative  contractions  belov 
Deg.C. 


7--000612 
8 --000590 
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20  +  0003*1 
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22  4  -001246 
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4- -001686 
25  + 1«1910 
20  + -0021 S!) 
27  +  ■0024(15 
28 +  -002657 
20+002013 

30  +  -003179 

31  +  -003453 

32  +  -003730 

33  +  004035 
34+ -004342 

35  +  '004660 

36  +  ■0049H7 
37+005323 

38  +  005667 

39  + -000040 

40  + -006382 
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liv  means  of  tlicso  minilHTs  it  is  easy  to  calculatt*  the  vohnno  of 
li(jui<l  at  15"  C.  corresj>oiiiliii^  to  any  volume  ohserved  at  any  tennH»m- 
tim\  If  3.5  c.e.  of  solution  has  heen  used  at  37°  C,  the  tahle  shows 
that  1  e.e.  <»f  water  in  jiassin^  from  15°  to  37°  is  increased  to  1*005323 
e.c.  ;  therefore,  hy  dividing  35  e.e.  hy  1*005323  is  ohUiined  the 
quotient  34*819  e.e.,  which  rejm'sents  the  volume  at  15°corrt»si)ondinj^ 
to  35  e.e.  at  37°  ;  or  the  o]>emtion  can  he  sim[>liHed  hy  ohtaining  the 
factor,  thus  :  . 

1  •00532:3  =  ^*^^^'^^'''^ 

A  tahle  can  thus  he  easily  constructinl  which  Avoidd  show  the  factor 
for  each  de<(re(»  of  tempemtun*. 

Thcs«»  corrections  are  useless  for  concentmUMl  solutions,  such  as 
normal  alkalies  or  acids  ;  with  j(r<»at  variatiiuis  of  tennK»ratui*e  these 
solutions  should  he  used  hy  weij^ht. 

Instruments  graduated  on  the  G-rain  System.— Burettes, 
liipettes,  and  flasks  may  also  he  gmduated  in  j^mins,  in  which  case  it 
is  hcst  to  take  10,000  ^'mins  as  the  stiunlard  of  metisurement.  In 
onh'r  to  lessen  the  numher  of  ti;^ures  used  in  the  ^min  system,  so  far 
as  lifjuid  measures  are  coneeniecl,  I  pn>jM>se  that  ten  fluid  j^rains  1m^ 
called  a  decem,  (U'  f<>r  shortness  dm.  ;  this  term  corresponds  to  the 
cuhic  centimeter,  hearing  the  siime  proportion  to  the  10,000  gmin 
measure  as  the  cuhic  centimeter  does  to  the  liter,  namely,  the  one- 
thousjintlth  i>art.  The  use  of  a  term  like  this  will  serve  to  pn'vent 
the  lunnher  of  fii^ures,  which  are  unavcadahly  introduced  hy  the  use 
of  a  small  unit  like  the  ^min. 

Its  utility  is  principally  apparent  in  the  analysis  for  pei-centaj^es, 
particulars  of  which  will  he  found  hereafter. 

The  1000  ^rain  huretti*  or  pipette  will  therefore  contain  100  decems, 
the  10,000  'f^Y.  nn'asuiv  1000  dm.,  an<l  so  on. 

The  capacities  of  the  various  instruments  jrmduated  im  the  j^*ain 
system  may  he  as  follows  :    - 

'  Flasks:'  10,000,  5000,  2500,  and  1000  frrs.  =  1000,  500,  250,  and 
100  dm.  P>urettes  :  .300  ^'i*s.  in  l-;,'r.  divisions,  for  very  (hdicate 
juirposes^  .30  dm.  in  ,\,  ;  (JOO  ^jmins  in  '2-^y.  divisions,  or  I  dm.  ; 
1100  ^'rs.  in  5-gr.  divisions,  or  J  <im.  ;  1100  j^rs.  in  10-^r.  divisions,  or 
1  dm.  The  hurettes  are  jrmduate*!  ahovc^  the  500  or  1000  ^*s.  in  onler 
to  allow  of  analysis  for  |)en'ent*i^es  hy  the  residual  method.  Whole 
pijiettes  to  ileliver  10,  20,  50,  100,  200,  500,  and  1000  grs.,  jrniduated 
ditto,  100  <^'rs.  in  ,'^  dm.  ;  500  <(rs.  in  ^  dm.  ;  1000  grs.  in  1  dm. 

Those  who  may  desire  to  us(»  the  decimal  systems  constructed  on 
the  j^allon  measure  =  70,000  j^niins,  will  hear  in  mind  that  tlu^ 
"sej»tem"  of  (Jriffin,  or  tlu»  *Slecimillem  "  of  Adand  are  each 
e(pial  to  7  ;^n*s.  ;  and  therefore  hear  the  same  relation  to  the  pound  = 
7000  j^rs.,  as  the  cuhic  centimeter  does  to  the  liter,  or  the  decem  to 
the  10,000  j^rs.  An  entirely  diflerent  set  of  tahles  for  calculations, 
etc.,  is  recpiired  for  these  systems  ;  hut  the  analyst  may  readily 
construct  them  when  once  the  ])rinciides  contained  in  this  treatise 
are  undei*stood. 
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VOLUMETBIC  ANALYSIS  BASED  ON  THE  SYSTEM 
OF  CHEMICAL  EQUIVALENCE  AND  THE  PRE- 
PARATION OF  NORMAL  TITRATING  SOLUTIONS. 

§  11.  AVhen  analysis  by  measure  first  ciuiie  into  use,  the  test 
solutions  were  generally  prepared  so  that  each  substance  to  be  tested 
had  its  own  special  reagent ;  and  the  strengtli  of  the  standard  solution 
was  so  calcidated  as  to  give  the  result  in  percentages.  Consequently, 
in  alkalinietiT,  ti  distinct  standard  acid  was  used  for  soda,  another  for 
potash,  a  third  for  ammonia,  and  so  on,  necessitating  a  gre^t  variety 
of  standard  solutions. 

Griffin  and  l^re  aj)pear  to  have  been  the  first  to  suggest  the  use 
of  standard  test  solutions  based  on  the  atomic  system;  and  following 
in  their  steps  "Mohr  has  Avorked  out  and  verified  many  methods  of 
analvsis,  which  are  of  great  value  to  all  who  concern  themselves  with 
scientific  and  especially  technical  chemistry.  Xot  only  has  Mohr 
done  this,  but  in  addition  to  it,  he  has  enriched  his  i)rocesses  with  so 
many  original  investigations,  and  inii)roved  the  necessary  apparatus  to 
such  an  extent,  that  he  may  with  justice  be  called  the  father  of  the 
volumetric  svstem. 

Normal  Solutions. — It  is  of  great  importance  that  no  miscon- 
ception should  exist  as  to  what  is  meant  by  a  normal  solution  ;  but 
it  does  unfortunately  occur,  as  may  be  seen  by  reference  U}  the  chemical 
journaLi,  also  to  Muir's  translations  of  Fleischer's  book  (see 
Allen,  C.  X.  xl.  239,  als(»  Anahjat,  xiii.  181). 

Normal  solutions  as  originally  devised  are  2)rei)ared  so  that  one  liter 
at  16°  C.  shall  contain  the  hydrogen  equivalent  of  the  active  reagent 
weighed  in  giiims  (11  =  1).  8eminormal,  quintinormal,  decinormal, 
and  centinormal  solutions  are  also  required,  and  may  be  shortly 
designated  as  ^/g  ^/^  ^ Jiq  and  ^/loo  solutions.'* 

♦  It  is  much  to  be  regretted  that  the  word  "normal,"  origiuully  based  on  the  equivalent 
system,  should  now  be  appropriated  bv  those  wbo  advocate  the  use  of  solutions  based  on 
molecular  weigh t-s,  Vecause  it  not  only  leads  to  confusion  between  the  two  systems,  but  to 
utter conf'isiou  between  theadvoc:ite8of  thcchange  themselves.  In  Fleischer'  h  German 
edition  of  his  Man*analvi9€  tlie  molecular  system  is  alvocated,  but,  as  the  old  atomic 
weights  are  used,  the  solutions  are  really,  in  the  main,  o'  the  s ime  strength  as  those  baaed 
on  the  equivalent  system.  Pattinson  Muir,  however,  in  his  transl itiou,  has  thought 
proper  to  use  modern  atomic  weights,  and  the  curious  result  is  that  one  is  directed  to 
prepare  a  normal  solution  of  caustic  x>ota8h,  with  .^'1  grams  K  to  the  liter,  while  a  normal 
potassium  carbonate  is  to  contain  138*2  grams  K2CO3,  or  78*2  grams  K,  in  the  s;une  volume 
of  solutions.  Again,  Muter,  in  his  Jtfanttal  of  Analytii'al  Cheniiatry,  defines  a  normal 
solution  as  having  one  molecular  weight  of  the  reigent  in  grams  i)er  lit«r:  then  follows 
the  ^^1  iriug  inc  >nsistency,  among  others,  of  ditecting  that  a  decinomia'.  solution  of  iodine 
should  contain  127  grams  of  I  i)er  liter,  whereas,  if  it  was  strictly  made  according  to  the 
original  definition,  it  should  contain  25* i  gnims  in  the  liter.  Menschutkin's  Analytical 
CItcinistnj,  translated  by  Locke,  recently  published  by  Macmi  Ian  &  Co.,  tmfortunately 
adopts  the  molecular  system. 

If  the  unit  H  be  adopted  as  the  basis  or  stuudard,  everrtbing  is  simplified,  and  actual 
■normal  solutions  may  be  made  und  used ;  but,  on  the  molecular  s  s  em»  this  is,  in  many 
cases,  not  only  unadvisable  but  impossibte,  besides  leading  to  ridicu'ous  inconsistencies. 
As  Allen  points  out  in  the  reference  above,  it  is,  to  say  the  least  of  it,  highly  inconvenient 
that  the  nomenclature  of  a  standard  solution  should  be  capable  of  two  interpretations. 
I  have  given  the  term  syittcmatic  to  this  handbook,  and  I  maintain  that  the  equivalent 
system  used  is  the  onl^  systematic  and  consistent  one ;  it  was  adopted  originally  by  Mohr , 
followed  by  Fresenius,  and  continued  by  Classen  in  the  new  edition  of  Mohr's 
Titnrmethode.  Allen  himself  has  unhesitatdngly  preferred  to  use  it  in  his  Organic 
Analwis,  und  these,  together  with  this  treatise,  being  all  text-books  having  a  wide 
circulation,  ought  to  settle  definitely  the  meaning  of  the  term  normal  as  applied  to 
systematic  standard  solutions.  Anyhow,  it  is  to  be  hoped  that  those  who  communicate 
processes  to  the  chemical  journals,  or  abstracters  of  foreign  articles  for  publication,  will 
take  care  to  disting^uish  between  the  conflicting  systems. 
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111  ihv  oisc  of  univalent  sulhst^uiei's,  such  iix  silver,  i<Mlin<%  hydro- 
<;hl()ri<'  acid,  sodium,  etc.,  the  tM|uivaU»nt  and  tlie  atomic  (or  in  the 
ca«e  of  sjilts,  molecular)  weight,**  are  identical ;  thus,  a  normal  solution 
of  hydnx'hloric  acid  must  conUiin  36*45  ^mms  of  the  acid  in  a  liter 
of  fluid,  and  sotlium  hydmte  40  ^rams.  In  the  case  (»f  bivalent 
suhstiinces,  such  as  lead,  calcium,  oxalic  acid,  sul|)hurous  acid, 
oarlH)nati»s,  ett\,  the  eijuivalent  is  (»ne  half  ()f  the  atomic  (or  in  the 
case  of  siilts,  molecular)  weight;  thus  a  normal  solution  of  oxalic 
acid  would  1m»  nuule  hy  dissolving'  63  j^'mms  of  the  crystallized  acid  in 
distilled  water,  an<l  diluting'  the  liquid  to  the  measure*  of  one  liter. 

Further,  in  tin*  case  of  trivalent  substances,  such  as  j>hosj)horic  acid, 
a  normal  solutiim  of  sculium  j)hos|)hate  wouhl  1m»  made  hy  weij^hinj^ 
-rj-=ll9*3  j;mms  nf  the  siilt,  dissolving  in  tlistiHed  water,  and 
4liluting  to  the  measure  (►f  one  liter. 

( )ne  important  ])oint,  h(»wever,  must  not  1m»  f(U'jj;otten,  namely,  that 
in  ]m»paring  solutions  for  volumetric  analysis  the  value  of  a  reaj^ent 
as  exj»ress<Ml  ])y  its  (Mjuivalent  hydroorcn-wcMght  must  n<»t  always  he 
re^irded,  hut  rather  iL><  particular  r<*action  in  any  j^iven  analysis  :  f(»r 
instance,  tin  is  a  quadrival»*nt  mcUd,  hut  when  using  stannous  chloride 
as  a  reducing  ag»*nt  in  the  analysis  of  iron,  the  half,  and  not  the 
f«»urth,  of  its  nmlecular  weight  is  re(juin*d,  as  is  shown  hy  the 
equation  Fe.,  Cl^  -I-  Sn  ( 'l._.  --  2  Fe  Cl.^  -|-  Sn  C'l^. 

In  th(^  siime  mann(*r  with  a  solution  of  potassium  jH-rminganate 
Mn  K()^  when  used  as  an  oxidizing  agent,  it  is  the  available  oxygen 
which  has  to  l)e  taken  into  account,  and  hence  in  constructing  a  n(»rmal 
solution  one-fifth  of  its  molecular  weight -J- =  31*6  gmms  nnist  1m» 
4'ontained  in  the  lit^T. 

Other  instances  of  a  like  kind  <Kcur,  the  details  of  which  will  he 
given  in  the  proju-r  jdace. 

A  further  illustration  may  he  given  in  order  to  show  the  methoil  of 
calculating  the  results  of  this  kind  (if  analysis. 

Eiich  c.c.  of  ^/lo  silver  soluti<»n  will  contiiin  ^^Jjj^y  of  the  atomic 
weight  of  silver  =  0'01 0766  gm.,  and  will  exattly  precijntate  j^'^^ 
of  the  atomic  weight  of  chlorine  =  0*003537  gm.  from  any  solution 
of  a  chloritle. 

In  the  casr  of  normal  oxalic  acid  each  c.c.  will  contain  .joV^y  of 
the  moh'cular  weight  (»f  the  aci<l  =  0*063  gm.,  and  will  neutralize 
~'i5uu  **^  ^^^**  molecular  weight  of  sodium  monocarhonate  =  0*053  gm., 
or  will  combine  with  ^^V^  '^^  ^^^^  at<miie  weight  of  a  dyad  metal  such 
a«  lea<l  =  0*1032  gm.,  or  will  exactly  saturate  yo\j<T  **^  ^^^^  molecular 
weiglit  of  sodium  hydrate  =  0*040  gm.,  and  so  on. 

Where  the  1000  grain  measure  is  used  as  the  standai*<l  in  jilace 
of  the  Iit(»r,  63  grains  of  oxalic  acid  would  be  used  for  th(»  normal 
solution  :  but  as  1000  gmins  is  too  small  a  rjuantity  to  make,  it  is 
better  to  weigh  630  grains,  and  make  up  the  solution  to  10,000  gniin 
nuiasuni=  1000  <lm.  The  solution  would  then  have  exactly  th(»  sam*^ 
strength  as  if  jirepared  on  the  liter  system,  as  it  is  pro|MH*tionately  the 
same  in  chemical  |)ower ;  and  either  solution  may  Iw;  used  inilis- 
criminately  for  instruments  graduated  on  either  scale,  Waring  in 
mind  that  the  sul)stance  to  Ik*  tested  with  a  c.c.  burette  must  Iw 


=  63 

gm.  per  liter 

=40 

gm. 

=36.45  gm. 

=  63 

gm. 

=53 

gm. 

=40 

gm. 

=  17 
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weighed  an  tlie  gram  system,  and  7'ice  rers/t,  unless  it  be  desired 
to  calculate  one  system  of  weights  into  the  other. 

The  great  convenience  of  this  equivalent  system  is,  that  the 
numl>er8  used  as  coefficients  for  calculation  in  any  analysis  are 
familiar,  and  the  solutions  agree  with  each  other,  volume  for  volume. 
We  have  hitherto,  however,  looked  only  at  one  side  of  its  advantages. 
For  technical  purposes  the  plan  allows  the  use  of  all  solutions  of 
sj'stematic  strength,  and  simi)ly  varies  the  amount  of  substance  tested 
according  to  its  equivalent  weight. 

Thus,  the  normal  solutions  sa}^  are — 

Crystallized  oxalic  acid 

Sulphuric  acid 

Hydrochloric  acid 

Nitric  acid 

Anhydrous  sodium  carbonate 

Sodium  hydroxide 

Ammonia 

100  c.c.  of  anv  one  of  these  normal  acids  should  exactlv  neutralize 
100  c.c.  of  any  of  the  normal  alkalies,  or  the  corresj)onding  amount 
of  pure  substance  which  the  100  c.c.  contain.  In  commerce  we 
contijiuallv  meet  with  substances  used  in  manufactures  which  are 
not  i>ure,  and  it  is  necessary  to  know  how  much  pure  substance  they 
contain. 

Take,  for  instance,  refined  soda  ash  (sodium  carbonate).  If  it  wei-e 
a])solutely  ]mre,  5*3  gm.  of  it  should  recpiire  exactly  100  c.c.  of  any 
nonnal  acid  to  saturate  it.  If  we  thei*efore  weigh  that  quantity, 
dissolve  it  in  water,  and  deliver  into  the  mixture  the  normal  acid 
from  a  Imrette,  the  numb(»r  of  c.c.  required  to  saturate  it  will  show 
the  peireiitage  of  jnire  sodium  carbonate  in  the  sample.  Suppose 
90  c.c.  aiv  required  =  90''/^. 

Agfiin — a  manufacturer  Iniys  common  oil  of  vitriol,  and  I'ecpiires  to 
know  the  exact  ])ercentage  of  [)ure  hydrated  acid  in  it ;  4*9  grams  are 
weighed,  diluted  with  water,  and  normal  alkali  delivered  in  fi-om 
a  Imrette  till  saturated  ;  the  number  of  c.c.  used  will  be  the  pei-centage 
of  real  acid.     Supi)o*<e  58*5  c.c.  are  required  =  58*5°/^. 

On  the  grain  system,  in  the  same  way,  53  grains  of  the  sample  of 
so<la  ash  would  require  90  dm.  of  normal  acid,  also  equal  to  90  "Z^. 

( )r,  suppose  the  analyst  desires  to  know  the  equivalent  percentage 
of  sodium  oxide,  free  ajid  com])ined,  contained  in  the  above  sample 
of  soda  ash,  without  calculating  it  from  tlie  carbonate  found  as  above, 
3*1  gm.  is  treated  as  before,  and  the  number  of  c.c.  recjuired  is  the 
percentage  of  sodium  oxide.  In  the  same  sample  52*6  c.c.  would  be 
required  =  52 "6  per  cent,  of  sodium  oxide,  or  90  per  cent,  of  sodium 
carl)onate. 

Method  for  percentage  of  Purity  in  Commercial  Sub- 
stances.— The  rules,  therefore,  for  obtaining  the  p(?rcentage  of  pure 
substances  in  any  commercial  article,  such  as  alkalies,  acids,  and 
various  salts,  bv  means  of  svstematic  normal  solutions  such  as  have 
been  described  are  these — 
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1.  With  iioriual  solutions  ^\^  or  ^^  (according  to  its  atomicity)  of 
the  molecular  weij^lit  in  gnims  of  the  suhstancc  to  he  analyzed  is  to 
1h»  weigheti  for  titmticm,  and  the  nund)er  of  c.c.  reijuired  to  ]>r<>duce 
the  desireil  reaction  is  the  i)ercenUvge  of  the.  suhstance  wIkks^  atomic 
weij^ht  has  hcen  used. 

With  decinormal  solutions  ^  J^or  ^J^  of  the  molecular  weij^dit  in 
grams  is  taken,  and  the  iniml)er  of  c.c.  n»«juired  ^vill,  in  like  manner, 
give  th(^  peirentage. 

Where  the  grain  system  is  used  it  will  ])e  necessary,  in  the  case 
of  titrating  with  a  normal  solution,  to  weigh  the  whole  or  half  the 
molecular  weight  of  the  suhstance  in  ginins,  an<l  the  innnher  of 
decems  n'riuiretl  will  he  the  jwifentage. 

With  decin(>rmal  solutions,  ^q  or  .}jj  of  the  molecular  weight  in 
gmins  is  Uiken,  and  the  numher  of  ilecems  will  Ik*  th<*  jwrcentage. 

It  now  only  remains  to  sjiy,  with  respect  to  the  system  of  weights 
and  measures  to  he  used,  that  the  analyst  is  at  lilM»rtv  to  choose  his 
own  plan.  Both  systems  are  suscejitihle  of  ecjual  accumcy,  and  he 
nnist  study  his  own  convenience  as  to  which  he  will  adopt.  The 
normal  solutions  prepareil  on  the  gram  system  are  equally  applicahle 
for  that  of  the  gniin,  and  rire  r^/w/,  so  that  then^  is  no  necessity  for 
having  distinct  solutions  for  eacli  system. 

Factors,  or  Coefficients,  for  the  Calculation  of  Analyses.- 

It  firquently  occurs  that  from  th<*  nature  of  the  suhstance,  or  from 
its  l)eing  in  solution,  this  pei-centage  method  cann(»t  he  cimveniently 
followed.  For  inst^mce,  suj)i)ose  the  opemtor  has  a  s(»lution  contain- 
ing an  unknown  (piantity  of  caustic  j)otash,  the  strength  i*f  which  he 
desires  to  know;  a  weighed  or  measun'd  (piantity  of  it  is  hrought 
under  the  acid  hurett<'  and  exactly  satumted,  .32  c.c.  heing  re<piiir<l. 
The  calculation  is  as  follows:  — 

The  molecular  weight  of  i)otnssium  hydroxide  heing  56  :  1 00  c.c. 
of  normal  acid  will  stitumtc*  5*6  gm.  ;    therefore,  as   100  v.r.  are  to 

5*6  gm.,  so  are  l\'2  c.c.  to  .r,       ,       *"  =  1792  gm.  KHO. 

The  sim])lest  way,  theref(ire,  to  j)roceed,  is  to  nndtiply  the  nund)er 
of  c.c.  of  test  solution  re(piired  in  any  analysis,  liy  the  -iQ^f^  (or  inan 
if  hivalent)  of  the  molecular  weight  of  the  suhsUuice  s(»ugl»t  which 
gives  at  once  the  amount  of  suhstance  present. 

An  example  may  he  given  1  gm.  of  marhle  or  limestone  is  taken 
for  th(»  estimation  of  ])ure  calcium  carl)onate,  and  exactly  siitumted 
with  standard  nitric  or  hydnx'hloric  acid — (sulphuric  or  (►xalic  acid 
are,  of  coui*8e,  Jiot  admis.sihle)  17*5  c.c.  are  recpiired,  therefore  17*5  x 
0050  (the  ^^jfj^  of  the  molecular  weight  of  CaCO,^)  gives  0*875  gm. 
and  as  1  gm.  of  suhstance  only  was  Uiken  =  87*5  ^/^oi  calcium  carh(»nat<». 

ON   THE    DIRECT   AND    INDIRECT    PROCESSES    OF 
ANALYSIS   AND    THEIR   TERMINATION. 

§  12.  The  direct  methcxl  includes  all  those  analyses  where  the 
Huhstance  under  examination  is  decomiiosed  hy  simple  coJitact  with 
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a  knowii  quantity  or  equivalent  proportion  of  some  other  body  capable 
of  combining  with  it,  and  where  the  end  of  the  decomposition  m 
manifest  in  the  solution  itself. 

It  also  properly  includes  those  analyses  in  which  the  substance 
reacts  upon  another  body  to  the  expulsion  of  a  representative  equiva- 
lent of  the  latter,  which  is  then  estimated  as  a  substitute  for  the 
thing  required. 

Examples  of  this  method  are  readily  found  in  the  process  for  the 
determination  of  iron  by  permanganate,  where  the  beautiful  rose 
colour  of  the  permanganate  asserts  itself  as  the  end  of  the  reaction. 

The  testing  of  acids  and  alkalies  comes,  also,  imder  this  class,  the 
great  sensitiveness  of  litmus,  or  other  indicators,*  allowing  the  most 
trifling  excess  of  acid  or  alkali  to  alter  tlieir  colour. 

The  indirect  method  is  exemplified  in  the  analysis  of  manganese 
ores,  and  also  other  peroxides  and  oxygen  acids,  by  boiling  witli 
hydrochloric  acid.  The  chlorine  evolved  is  estimated  as  the  equiva- 
lent of  the  quantity  of  oxygen  which  has  displaced  it.  We  are 
indebted  to  Bun  sen  for  a  most  accumt^'  and  vahiable  series  of 
processes  based  on  this  principle. 

The  residual  method  is  such  that  the  substiince  to  be  analvzed  is  not 
estimated  itself,  but  tlie  excess  of  some  otlier  body  added  for  the 
purpose  of  coml>ining  with  it  or  of  decomposing  it ;  and  the  quantity 
or  strength  of  the  body  added  being  known,  and  the  conditions  under 
which  it  enters  into  combination  ])eiug  also  known,  l)y  deducting  the 
remainder  or  excess  (which  exists  free)  from  tlie  original  quantity,  it 
gives  at  once  the  proportional  quantity  of  the  substance  sought. 

An  example  will  make  the  principle  obvious  : — Sui)pose  that  a 
sample  of  native  calcium  or  barium  carbonate  is  to  be  titrated.  It  is 
not  possible  to  estimate  it  with  standard  nitric  or  hydrochloric  acid  in 
the  exact  quantity  it  requires  for  solution.  There  must  be  an  excess 
of  acid  and  heat  api)lie<l  also  to  get  it  dissolved  ;  if,  therefore,  a  known 
excessive  quantity  of  st»iuidard  acid  be  first  added  and  solution  obtained, 
and  the  liquid  then  titrated  backward  with  standard  alkali  and  an 
indicator,  the  quantity  of  free  acid  can  be  exactly  determined,  and 
consequently  that  which  is  combined  also. 

In  some  analyses  it  is  necessary  to  add  a  substance  which  shall  be 
an  indicator  of  the  end  of  the  process ;  such,  for  instance,  is  litmus 
or  the  azo  colours  in  alkaHmetry,  potassium  chromate  in  silver  and 
clilorine,  and  starch  in  iodine  estimations. 

There  are  other  processes,  the  end  of  which  can  only  be  determmed 
by  an  indicator  sej>arate  from  the  solution  ;  such  is  the  case  in  the 
estimation  of  iron  by  [>otassium  bichromate,  where  a  drop  of  the  liquid 
is  brought  into  contact  with  another  drop  of  solution  of  red  potassium 
prussiate  on  a  white  slab  or  platf^  ;  when  a  blue  colour  ceases  to  form 
by  contact  of  the  two  liquids,  the  end  of  the  })roces8  is  readied. 
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of  litmus  ill  a  conr.-nlrat.-<l  form  for  dilution  wh.-nt-vcr  r,-i]uiiva  is  as 
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follows  :  extract  all  soluble  matters  from  tlie  solid  litmus  l»y  rej>eate(l 
(quantities  of  hot  water ;  evai)orate  the  mixed  extracts  to  a  moderate 
hulk,  and  adtl  acetic  acid  in  sliglit  excess  to  decomi)ose  carl>onates ; 
evai)orate  to  a  thick  extract,  transfer  this  to  a  beaker,  and  add  a  larj^(i 
proj)Oi'tion  of  hot  85  per  cent,  alcohol  or  methyhited  spirit ;  l>v  this 
treatment  the  l)lue  colour  is  precii)itate(l,  and  the  alkaline  acetates, 
together  with  some  red  colouring  matter,  remain  dissolved  ;  the  fluid 
witli  precijiitate  is  thrown  on  a  filter,  washed  with  hot  spirit,  and  the 
purified  extract  finally  evaporated  to  a  j>aste,  which  is  placed  in  a  wide- 
mouthed  bottle  ;  tliis  extract  will  keep  for  years  unchanged. 

Another  method  gives  good  results.  The  crushed  litmus  is  extracted 
with  warm  distilled  water,  as  l>efore  described,  and  the  several  extracts 
mixed,  then  allowed  to  stand  in  a  beaker  till  quite  clear  -  this  clear 
extract  is  i)oured  off,  freely  acidified  with  hydrochloric  acid,  and  put 
into  a  dialyser,  which  is  surrounded  l)y  running  water  and  kei>t  so  for 
about  a  week.  The  colourhig  matter  of  litmus  being  a  colloid,  all  the 
calcium  and  other  salts  are  removed,  and  a  i)ure  colour  solul»le  in  hot 
distilled  water  remains,  wliich  may  l)e  preserved  in  tlu*  manner 
previously  described,  or  eva])orat(Ml  U)  a  soft  extract. 

Fitie  carbonic  acid  interferes  considerably  with  the  j»roducti(»n  of 
the  blue  colour,  and  its  interference  in  titrating  acid  soluticnis  with 
alkaline  carbonates  can  only  l)e  got  rid  of  by  l)oiling  the  liquid  during 
the  operation,  in  order  to  displace  the  gas.  If  this  is  not  <l«>ne,  it  is 
easy  to  overstep  the  exact  point  of  neuthility  in  endeavouring  to 
j)roduce  the  blue  colour.  The  same  diflicidty  is  also  found  in  o]>tahiing 
the  i)ink-red  when  acids  are  used  for  titrating  alkaline  carbonates, 
hence  the  value  of  the  caustic  alkalnie  solutions  free  from  carlxmic 
acid  when  this  indicator  is  used. 

It  sometimes  occurs  that  titration  by  litmus  is  requireil  at  night. 
Ordinary  gas  or  lamp  light  is  not  adapted  for  showing  the  reaction  in 
a  satisfactory  manner;  but  a  very  sharp  line  of  demarcation  between 
red  anil  blue  may  be  found  l>y  using  a  monochromatic  light.  With 
the  yellow  sodium  flame  the  red  colour  appeal's  perfectly  colourless, 
while  the  blue  or  violet  ai)peai*s  like  a  mixture  of  black  ink  and  water. 
The  transition  is  very  sudden,  and  even  shar])er  than  the  change  by 
daylight. 

The  operation  should  be  conducted  in  a  perfectly  dark  room  ;  and 
the  flanfe  may  be  best  obtained  by  heating  a  piece  of  platinum  coil 
sprinkled  with  salt,  or  a  i)iece  of  pumice  saturated  with  a  concentrated 
solution  of  salt,  in  the  Bunsen  flame. 

2.  Litmus  Paper. — Is  made  by  dipj)ing  strips  of  calendered 
unsized  pa|)er  in  the  solution  and  drying  them  :  the  solution  used 
being  rendered  blue,  red,  or  violet  as  may  be  required. 

3.  Cochineal  Solution. — This  indicator  i)ossesses  the  advantage 
over  litmus,  that  it  is  not  so  much  modifie<l  in  colour  l>y  the  presence 
of  carbonic  acid,  and  may  be  useil  by  gas-hght.  It  may  also  l)e  used 
with  the  best  effect  with  solutions  of  the  alkaline  earths,  such  as  lime 
and  baryta  water  ;  the  colour  with  pure  alkalies  and  earths  is  especially 
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sharp  and  brilliant.  The;  solution  is  nmtb?  by  dif^esting  1  \^vt  of 
crushed  cochineal  with  10  jmrts  of  25  jwr-i^ent.  alcoliol.  Its  natural 
colour  is  yellowish-red,  which  is  turned  to  violet  by  alkalies  ;  mineral 
acids  restore  the  original  colour ;  it  is  not  so  easily  affected  by  weak 
organic  aciiU  as  litmus,  and  thert»iore  for  these  acids  tlu^  latt(?r  is 
preferable.  It  cannot  1m»  used  in  the  j)resence  of  ev(»n  traces  of  iron 
or  alumina  compounds  or  acetates,  which  fact  limits  its  use?.  Carminic 
acid  is  the  true  sensitive  element  in  cochineal,  and  is  sometimes 
preferable  to  cochineal  in  very  delicate  op<»rations. 

4.  Turmeric  Paper. — Pettenkofer,  in  his  estimation  of  carbonic 
acid  by  baryta  water,  prefers  turmeric  \m\WY  as  an  indicator.  For  this 
purjM>se  it  is  best  j)repared  by  digesting  ])ieces  of  the  root,  first  in 
I'eiH.'ated  small  (piantities  of  water  to  remove  a  j)ortion  of  objectiimable 
<'()louring  matt(*r,  then  in  alcohol,  and  dipping  strips  of  calen<lered 
unsized  |>aper  into  the  alcoholic;  solution,  drying  and  preserving  them 
in  the  dark. 

Thomson  in  coutinuance  of  his  valuable  experiments  on  various 
indicators,  found  that  turmeric  i)aj>er  is  of  very  litth?  use  for  ammonia, 
or  the  alkaline  carbonates,  or  sulphides  or  sulphites,  Imt  he  ])n»j)ared 
a  s|)ecial  juiper  of  a  light  rc(l-])rowu  col<»ur,  by  dipjiing  it  into  the 
alcdhol  tincture  of  turmeric  rendere«l  slii'htlv  alkaline  by  caustic  soda. 
If  this  i)ap<*r  is  wetted  with  water  the  eolnur  is  intensities!  to  a  dark 
re<i-brown  ;  when  j>artly  immei*sed  in  a  very  dilute  solution  of  an 
acid,  the  wetted  portion  ])ecomes  bright  yellow,  while  immediately 
above  this  a  moistened  dark  red-brown  band  is  formed,  and  the  upper 
<lry  iK)rtion  reUiins  its  original  colour.  This  ai)peamnce  onh^  occurs  in 
the  titration  of  a  compamtively  large  j)roportion  of  an  acid,  when  the 
latt<'r  is  nearly  all  neutralized,  and  thus  serves  to  indicati'  the  near 
a|)proa(h  to  the  end-reaction.  When  neutnd  or  alkaline,  th(*  <'olour  of 
the  immersed  portion  of  paper  is  simply  intensified  as  already  described. 
This  intensification  is  (piite  as  decided  as  a  change  of  tint.  This  red- 
brown  paper  is  ecpially  as  sensitive  as  phenolj>hthalein  for  the  titration 
of  citric,  acetic,  tartarie,  oxalic  and  other  organic  acids  by  sUui<lar<l 
soda  or  jjotash,  and  may  be  used  for  highly  coloured  solutions.  It 
is  also  available,  like  j)henolphthalein,  for  the  estimation  of  small 
(piantities  of  acid  in  stn»ng  alcohol. 

Indicators  derived  from  the  Azo  Colours,  etc. 

A  great  stride  has  been  taken  in  the  aj)plication  of  these  nu)dern 
indicators,  and  the  thanks  of  all  chemists  are  due  Uy  K.  T.  Thomson 
for  his  valuable  researches  on  them,  read  before  the  Chemical  Section 
of  the  l*hiloso|)hical  Society  of  (Uasgow,  and  published  in  their 
Transiictions  ;  also  rej)rinted  (C,  N,  xlvii.  123,  185;  xlix.  32,  119; 
J.  S.  (\  /.  vi.  195).  The  exi)eriments  reconled  in  these  papers  are 
<are fully  carri<Ml  out,  and  the  truthfulness  of  their  results  has  ])een 
verifie<l  by  Lunge  and  other  i>ractical  men  as  well  as  by  myself. 

Space  will  oidy  permit  here  of  a  r(»cord  of  the  results,  fuller  details 
being  given  in  the  pul)Iications  to  which  reference  has  l)een  made. 
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5.  Methyl  Orange,  or  dimetliylamidoazo  1>enzene-6ulphoiiate  is 
prepared  by  the  action  of  diazotked  sulphanilic  acid  uix)ii  diiiie- 
thylaiiiliue,  the  commercial  j)roduct  being  either  an  ammonium  or 
sodium  salt  of  the  sulj)honic  acid  thus  proiluced.  If  carefidly  prepared 
from  the  purest  materialj;*  it  possesses  a  bright  orange-red  colour, 
perfectly  sohible  in  water ;  but  tlie  commercial  product  is  often  of 
a  dull  colour,  due  to  slight  impurities  in  the  substances  from  which  it 
is  produced,  and  ;iot  completely  soluble  in  water.  These  impurities 
may  generally  be  removed  by  recrystallization  from  hot  alcoholic 
solution.  Complaints  have  been  made  by  some  oi)erator8  tliat  the 
commercial  article  is  sometimes  unreliable  as  an  indicator ;  it  may  be 
60,  but  although  I  have  examined  many  specimens,  I  have  not  yet 
found  any  in  which  the  impurities  sensibly  aftbcted  its  delicate  action 
when  used  in  the  proper  manner.  The  common  error  is  the  use  of  too 
much  of  it ;  again,  there  is  the  j)ersonal  error  of  observation,  some 
eyes  being  much  more  sensitive  to  the  change  of  tint  than  others. 
The  great  value  of  this  indicator  is  that,  unlike  litmus  and  some 
other  agents,  it  is  c()mj)aratively  unaffected  ]>y  carbonic  acid,  sul- 
phuretted hydrogen,  hydrocyanic,  silicic,  boric,  arsenious,  oleic,  st'Caric, 
palmitic,  and  carbolic  acids,  etc.  It  must  not  be  used  fur  the  organic 
acids,  such  as  oxalic,  acetic,  citric,  tartaric,  etc.,  since  the  end-i-eaction 
is  indefinite  ;  nor  can  it  l)e  used  in  the  pre^sence  of  nitrous  acid  or 
nitrites,  which  decompose  it.*  It  may  safely  be  used  for  the  estimation 
of  free  mineral  acids  in  alum,  ferrous  sulphate  or  chloride,  zinc 
sulphate?,  cui>ric  sulphate  or  chloride.  The  acid  radical  (and  con- 
sequently its  equivalent  metal)  in  cupric  8ul|)hate  and  similar  salts 
may  be  estimated  with  accuracy  by  ]>recipitating  the  solution  with 
sulphuretted  hydrogen,  filtering,  and  titrating  the  filtrate  at  once  with 
normal  alkali  and  methyl  orange. 

Methyl  orange  is  esi>ecially  useful  for  the  accumte  standardizing  of 
any  of  the  mineml  acids  by  means  of  pure  socUum  carbonate  in  the 
cold,  the  liberated  carbonic  acid  havhig  jiractically  no  effect,  as  is  the 
cjise  with  manv  indicators.  Its  effect  is  also  excellent  with  ammonia 
or  its  salts.  A  convenient  strength  for  the  indicator  is  1  gram  of  the 
powder  in  a  liter  of  distilled  water ;  a  single  drop  of  the  liquid  is 
sufficient  for  100  c.c.  or  more  of  any  colourless  sohition — the  colour 
being  faint  yellow  if  alkaline,  and  pink  if  acid  ;  if  too  much  is  used 
the  end-reaction  is  slower  and  much  less  (hifinite.  All  titrations  with 
metbyl  orange  should  be  carried  on  at  ordinary  temperatures  if  the 
utmost  accuracy  is  desired,  and  the  liquid  titrated  should  not  be  too 
dilute.  Ethyl  orange  is  similar  to  tlie  methyl  orange,  but  is  not  quite 
so  sensitives  _ 

6.  Phenacetolin. — This  indicator  is  slightly  soluble  in  water  but 
readily  in  50  per-cent.  alcohol,  aiid  a  convenient  strength  is  2  gm.  }>er 
liter.  The  solution  is  greenish  brown,  which  gives  a  scarcely  |)er- 
ce[>tible  yellow  with  caustic  soda  or  i>otash,  when  a  few  drops  are  used 

*  Some  operators  have  used  methyl  oranKe  in  the  titration  of  alkaloids,  but  in  a  series  of 
very  careful  experiments,  carried  out  by  L.  F.  Kebler,  it  was  found  in  some  cases  very 
defective  {Jour.  Am.  Chcm.  Soc,  Oct.,  1^). 
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witli  tlic  ordinary  volumes  of  lic^nid.  IVith  ammonia  and  tlie  normal 
alkaline  carbonaU's  it  p^vw  a  dark  pink,  \^nth  ])icarl»onate  a  nmch  more 
iutenne  j)ink,  an<l  witli  mineral  acids  a  golden  yellow.  This  indicator 
may  l)e  used  to  estimate  the  amount  of  caustic  |K»tash  or  soda  in  the 
presence  of  their  normal  carb(»nate8  if  the  projxjrtion  of  the  former  is 
not  very  small,  or  of  caustie  lime  in  the  jnvsence  of  carbonate,  Imt  no 
ammonia  nnist  he  present. 

Practice  however  is  i-equinnl  >vith  solutions  of  known  composition 
so  as  to  accpiire  knowleilp*  of  the  exact  shades  of  colour. 

7.  Fhenolphthalein.  This  indicator  is  (»f  a  resinous  nature,  but 
(piite  solul)le  in  50  j)er-cent.  alcohol.  A  convenient  str<»ngtli  is  5  gm. 
per  liter. 

A  few  tlroj)s  of  the  in<licat(>r  show  nf»  cohmr  in  the  ordinary  volumes 
as  niMitml  or  acid  lirpiids  ;  the  faintest  excess  of  caustic  alkalies,  on 
the  other  hand  gives  a  sudden  change  to  purple-r(»d. 

This  indicator  is  uselesR  for  the  titration  of  free  ammonia,  or  its 
(^impounds,  or  for  the  fixed  alkalies  when  salts  of  ammonia  are  jin^sent, 
except  with  alcoholic  solutions,  in  which  case  caustic  soda  or  j)otash 
<lisplace  th<'  amm(»nia  in  equivalent  quantities  at  onlinary  temj)era- 
tures,  and  the  indicat<»r  forms  no  compound  Avith  the  ammonia. 

It  may,  however,  be  us<m1  like  phenacctolin  for  estimating  the 
proporti<uis  of  hydmtc  anil  carbonate  of  soda  or  jxibish  in  th<»  same 
samj)le  where  the  j)roportion  of  hydnit<*  is  not  too  small.  Unlik<* 
methyl  orange,  this  indicator  is  especially  useful  in  titrating  all 
varieties  (»f  organic  acids  ;    viz.,  oxalic,  acetic,  citric,  tartaric,  etc. 

One  great  advantage  poss(»ssed  by  phenolphthalein  is,  that  it  may 
Ik*  used  in  alcoholic  sohitions,  or  mixtures  of  alcohol  and  ether,*  and 
therefore  many  organic  acids  insoluble  in  water  may  be  accurately 
titrated  by  its  helj) ;  in  addition  to  this  it  may  ]>e  used  to  estimate 
the  aci<l  coml)incd  with  many  organic  ])ases,  such  jis  moq)hia,  quinia, 
brucia,  etc.,  the  l)ase  having  no  ellect  on  the  indicator. 

Mixture  of  Fhenolphthalein  and  Methyl  Orange. — This  is 
a  neutmlity  indicator  made  by  dissolving  5  gm.  of  the  first  and  1  gu). 
of  the  lattiM*  in  a  liter  of  oO  por-cciit.  alcohol.  The  neutral  j»oiut  is 
shown  ]>y  a  Icinou-yrllow  colour.  The  slightest  excess  of  cither  acid 
or  alkali  shows  in  turn  pink  and  bright  red. 

^^.  RoBolic  Acid,  Corallin,  or  Aurine  is  soluble  in  60  j»er-cent. 
alcohol,  and  a  convenient  strength  is  2  gm.  i)er  liter.  Its  cohair  is 
jmle  yellow,  unallecte<l  by  acids,  but  turning  to  violet-red  with  alkali<\s. 
It  possesses  the  advantage^  over  litmus  and  the  other  indicators,  that 
it  can  be  relied  upon  for  the  neutralization  of  8ulj)hur(ms  a<"id  with 
ammonia  to  normal  sulj>hite  (Thomsfui).  Its  delicacy  is  sensibly 
atl'ect(Ml  h\  salts  of  ammonia  and  bv  carbonic  acid.  It  is  excellent  f(»r 
all  the  mineral,  but  useless  for  the  organic  acids,  <'xcepting  oxalic. 

•H.  N.nndC.  Draper  (C.  liT.  Iv.  143)  have  shown  that  this  indicator  is  rapidly  decomposed 
hv  atmospheric  carbonic  acid,  which  is  more  readily  absorbed  by  alcohol  than  by  water. 
Fortunately  this  is  less  the  c  tse  with  hot  solutions  than  with  cold  ;  titr.ition  of  this  kind 
Hhoiild  therefore  be  quickly  done,  and  with  not  too  small  a  quantity  of  the  indicator, 

l»    1> 
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9.  Lacmoid. — This  indicator  is  a  product  of  resorciii,  and  is 
therefore  somewliat  allied  to  litmus ;  nevertheless,  it  differs  from  it 
in  many  respects,  and  has  a  pronounced  and  valuable  character  of  its 
own,  especially  when  used  in  the  form  of  i)aper.  Lacmoid  is  solul>le 
in  dilute  alcohol,  and  the  indicator  is  made  by  dissolving  3  gm.  to 
the  liter.* 

10.  Lacmoid  Paper. — This  is  pre|)ared  ])y  dipping  sli]>s  of 
calendered  unsized  pai>er  into  the  blue  or  red  solution,  and  drying 
them. 

Thomson  states  that,  in  nearly  every  jmrticular,  lacmoid  paper, 
either  blue  or  red,  is  an  excellent  substitute  for  methyl  orange,  and 
may  be  employed  in  titrating  coloured  solutions  where  the  latter  would 
be  useless.  Solution  of  lacmoid,  on  the  other  hand,  is  not  so  valuable 
as  the  pajMjr,  inasmuch  as  it  is  more  easily  affected  ])y  wciik  acids  such 
as  carbonic,  boric,  etc. 

There  are  a  large  number  of  other  indicators,  either  in  solution  or 
as  test  i3apers,  and  where  necessary  these  will  be  mentioned. 

11.  Extra  Sensitive  Indicators. — Mylius  and  Forster 
(Berichte,  xxiv.  1482  ;  also  C.  iV.  Ixiv.  228,  ef.  mj.)  describe  a  series 
of  experiments  on  the  estimation  of  minute  traces  of  alkali  and  the 
recognition  of  the  neutrality  of  water  by  means  of  an  ethereal  solution 
of  iodeosin  or  erythrosin.  This  body  is  a  derivative  of  fluorescin,  and 
occurs  plentifully  in  commerce  as  a  dye  for  fabrics  and  i)aj)er.  The 
commercial  material  is  purified  by  solution  in  aqueous  ether,  and  the 
filtered  solution  is  shaken  with  dilute  caustic  soda  which  removes  the 
colour  ;  the  latter  is  then  j)recipitated  with  stronger  alkali.  The  salt 
is  then  filtered  off,  washed  with  spirit  and  finally  recrystallized  from 
liot  alcoliol.  The  indicator  used  by  the  oj>erators  was  made  by 
dissolving  1  decigi-am  of  the  dry  i)owder  in  a  liter  of  aqueous  pure 
ether.  The  ether  of  commerce  is  purified  and  rendered  neutral  by 
washing  with  weak  alkali,  afterwards  with  jnire  water,  and  keejnng 
the  ether  over  i)ure  water.  The  indicator  so  pre[)ared  is  quite  useless 
for  the  ordinary  titration  of  acids  and  alkalies ;  its  chief  use  is  for  tlie 
detection  and  measurement  of  very  minute  j^roportions  of  alkali  sudi 
as  would  occur  in  water  kept  in  glass  vessels  or  the  solubility  of 
calcium  or  other  earthy  carbonates  in  water  free  from  carbonic  acid,  or 
in  the  use  of  millinormal  solutions  of  alkalies  and  a(!i(ls,  also  the 
neutrality  of  so-called  pure  salts  or  water.  The  method  of  using  the 
indicator  is  that  of  shaking  up  say  20  c.c.  of  the  indicator  with  100 
c.c.  of  the  liquid  to  be  examined,  when,  if  alkali  is  present,  a  rose 
colour  will  be  communicated  to  the  layer  of  ether  which  rises  to  the 
top.  Tlie  indicator  may  be  used  in  conjunction  with  millinormal 
standanl  solutions,  or  color i metrically,  like  the  well-known  ^Nessler 
test.  Further  details  of  its  use  are  described  in  the  contributions 
mentioned.     Another  similar  indicator  is  mentioned  by  Ruhemann 

♦  This  solution  is  rendered  much  more  effective  as  an  indicator  if  Forster's  sn^trefltion 
is  adopted,  namely,  the  addition  of  about  5  gm.  of  naphthol  green  to  a  liter  of  the  solution 
—the  effect  is  to  produce  a  more  decided  blue  colour  with  alkalies  than  is  gixen  by 
lacmoid  alone. 
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(/.  C.  *S'.  Trati^,  Ixi.  285),  the  iiuide  of  diciunainvli)lu*iiylaziiiiicle. 
This  material  j^ives  a  violet  n)se  colour  with  the  ino.st  miiiuti^  traceH 
of  alkali,  such,  for  instance,  an  would  oi!cur  from  merely  heating; 
alcohol  in  a  test  tuhe, — the  faint  trace  of  alkali  thus  d(»rived  from  the 
j^dass  hein*^  sufficient  to  cause  a  rapid  development  of  colour. 

SHORT  SUMMARY  OP  THOMSON'S  RESULTS  WITH 
INDICATORS  AND  PURE  SALTS  OP  THE  ALKALIES 
AND  ALKALINE  EARTHS. 

Tht»  whole  of  th<'  hase  or  acid  in  the  followinj^  list  of  substances 
may  he  estimated  with  delicacy  and  precision  unless  otherwise 
mentioned. 

LitrnuB  Cold. — Hydrates  of  sotla,  iK>tash,  ammonia,  lime,  ]>aryt<i, 
eto.  ;  arscnit(»s  of  soda  and  ^Mitash,  and  silicates  of  the  same  l)a.ses  ; 
nitric,  sulphuric,  hydnK'hloric,  and  oxalic  acids. 

Litmus  Boiling.  -  -The  neutral  and  acid  (carbonates  of  i)otash,  soila, 
lime,  ])arytu,  and  magnesia,  the  sulphides  of  sodium,  and  iK»tassium, 
and  silicates  c>f  the  same  bases. 

Methyl  Orange  Cold. — T\w,  hydrates,  carl)onates,  ])icarl>onates, 
sulphides,  arscnites,  silicates,  and  bomtes  of  scwla,  potash,  ammonia, 
lime,  magn(»sia,  barytii,  etc.  ;  all  the  mineral  acids,  sulphites,  half  the 
base  in  the  alkaline  and  earthy  alkaline  phosphates  and  ai-seniatej*. 

RoEolic  Acid  Cold.--Th(»  whole  of  the  luise  or  acid  may  be 
estimated  in  the*  hydmtes  of  potash,  scwla,  annnonia,  and  arsenites, 
of  the  same  ;    the  mineral  and  oxaHc  acitls. 

Rosolic  Acid  Boiling.  -The  alkaline  and  earthy  hydrates  an«l 
carbonates,  bicjirbc mates,  sulphiiles,  arsenites,  and  silicates. 

Phenacetolin  Cold.— Tlu?  hydrates,  arsenites,  and  silicates  of  the 
alkalifs  ;  the  mint'ral  acids. 

Phenacetolin  Boiling.— Tin?  alkaline  and  earthy  hydrates,  car- 
bonates, bicarbonates,  sulphides,  arsenites,  and  silicates. 

Phenolphthalein  Cold.— The  alkaline  hydrates,  except  ammonia  ; 
the  mineral  acids,  oxalic,  citric,  tartaric,  acetic,  and  other  organic  tu'ids. 

Phenolphthalein  Boiling.— The  alkaline  and  earthy  hydrates, 
carbonates,  bicarbonates,  and  sulphi<les,  always  exc(»pting  ammonia 
ami  its  salts. 

Lacmoid  Cold.-  -The  alkaline  and  earthy  hydrates,  arsenites  and 
borates,  and  the  mineral  acids.     Many  salts  of  the  metals  which  are 
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more  or  less  acid  to  litmus  are  neutrcil  to  lacmoid,  such  as  the  sulphates 
and  chlorides  of  iron,  copper,  and  zinc  ;  therefore  this  indicator  serv'es 
for  e^tiniating  free  acids  in  such  solutions. 

Lacmoid  Boiling, — The  hydrates,  carbonates,  and  bicarhonates  of 
potiish,  soda,  and  alkaline  earths.  • 

Iiacmoid-  Paper. — ^The  alkaline  and  earthy  hydrateSj  carbonates, 
bicarbonateSj  sulphides,  arsenites,  silicates,  and  borates  ;  the  mineral 
acids  ;  lialf  of  the  ])ase  in  sulphites,  j>hosphates,  arseniate*. 

This  indicator  reacts  alkaline  with  the  chromates  of  i)otash  or  soda, 
but  neutral  with  the  bicarhonates,  so  that  a  mixture  of  the  two,  or  of 
l)ichromates  with  free  chromic  acid,  may  be  titnited  l)y  its  aid,  which 
could  also  be  done  with  methyl  orange  were  it  not  for  the  colour  of 
the  solutions. 

The  following  substances  can  be  determined  l)y  standard  ah'oliolic 
potasli,  with  phenolplithalein  as  indicator.  (.)ne  c.c.  normal  caustic 
potash  (1  c.c.  = '056  gm.  KHO)  is  equal  to  -(Hehner  and  Allen) 

•088  gm.  butyric  acid.  -1007  gm.  tributyiin. 

•282    „    oleic  acid.  •2947    „    triolein. 

•256    ,,    j)almitic  aci<l.  '2687    „    tripalmitiu. 

*284    „    stearic  acid.  *2967    „    tristearin. 

•410    „    oerotic  acid.  "6760    „    myricin. 

•329    „    resin  acids  (ordinary  colophony,  chiefly  sylvic  acid). 

General  Characteristics  of  the  Foregoing  Indicators. 

It  is  interesting  to  notice  the  different  degrees  of  sensitiveness 
shown  l)y  indicators  used  in  testing  acids  and  alkalies.  This  is  well 
illustrated  by  Thomson's  experiments,  where  he  used  solutions  of 
the  indicator  containing  a  known  weight  of  the  solid  material,  and  so 
adjusted  as  tt)  give,  as  near  as  could  be  judged,  the  same  intensity  of 
colour  in  the  reaction. 

It  was  foiuid  that  lacmoid,  rosolic  acid,  phenacetohn,  and  phenoljih- 
thalein  were  capable  of  showing  the  change  of  colour  with  one-iifth  <»f 
the  quantity  of  acid  or  alkali  which  was  required  in  the  case  of  methyl 
orange  or  litmus  ;  that  is  to  say,  in  100  c.c.  of  Hcpiid,  where  the  latter 
took  0^5  c.c,  the  same  effect  with  the  former  was  gained  by  0*1  c.c. 

Another  important  distinction  is  shown  in  their  respective  behaviour 
with  mineral  and  organic  acids. 

It  is  true  the  whole  of  them  are  alike  serviceable  for  the  mineral 
acids  and  fixed  alkalies ;  but  they  differ  considerably  in  the  case  of 
the  organic  acids  and  ammonia.  Methyl  orange  and  lacmoid  appear 
to  be  most  sensitive  to  alkaliCvS,  while  phenolplithalein  is  most  sensi- 
tive to  acids  ;  the  others  appear  to  occupy  a  position  between  these 
extremes,  each  showing,  however,  special  peculiarities.  The  distinction, 
however,  is  so  marked,  that,  as  Thomson  says,  it  is  possible  to  have 
a  liquid  which  may  be  acid  to  phenolphtlialein  and  alkaline  to  lacmoid. 

The  presence  of  cei-tain  neutral  salts  has,  too,  a  definite  effect  on  the 
sensitiveness  of  certain  indicators.     Sulphatt^s,  nitrates,  chlorides,  etv., 
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retard  the  action  of  nu*thyl  omnge  slightly,  while  in  the  ease  of 
phenacetolin  and  phenol])lithalein  they  liave  no  effect.  On  th«*  other 
hand,  neutral  saltri  of  ammonia  have  such  a  disturbing  influence  on  the 
latter  as  to  render  it  useless,  unless  with  sjx'cial  j)recautions. 

Nitrous  acid  alters  the  comi)osition  <»f  methyl  onuige  ;  so  also  do 
nitrites  when  existing  in  any  quantity.  Korhes  Car])enter  has  noted 
this  effect  in  testing  the  exit  gases  of  vitriol  chambers  (/.  S.  (\  I. 
V.  287). 

Sulphites  of  the  lixed  alkalies  and  alkaline  earths  are  practically 
neutral  to  phenoli>hthaIein,  hut  alkaline  to  litmus,  methyl  orange,  and 
phenaci'tolin. 

Sulphides,  again,  can  he  accurately  titmted  with  nn^thyl  omnge  in 
the  cold,  and  on  boiling  off  the  II^S  a  tolerably  a(;cumte  re^^ult  can  be 
obtained  with  litmus  and  phenacetolin,  but  with  ])henolj»hthalein  the 
neutral  point  oc'curs  when  half  the  alkali  is  saturat(Ml.  TIu*  phosphates 
of  the  alkalies,  arseniat(»s,  and  arsenite.s,  also  vary  in  their  effects  ()n 
the  various  indic^itors. 

Thomson  classifies  the  usual  neutrality  indic^t<jr8  into  three  grouj^H. 
The  methyl  omnge  grouj),  cnmi)rising  that  substance,  together  witli 
lacmoid,  dimethylamid<>i)enzene,  cochineal  and  Congo  re<l  ;  the*  phen- 
ol phthalein  group,  cnusisting  of  itself  an<l  turmeric ;  the  litmus 
group,  including  litunis,  rosolic  acid,  and  phenacetolin.  The  methyl 
<irange  group  are  most  sus(!»'j)tible  to  alkalies,  the  phen(»lj)hthalei!i  to 
ar'ids,  and  tlie  litmus  somewhat  between  the  two.  This  elassifi cation 
has  nothing  to  do  with  deli<acv  of  reacti(Ui,  l>ut  with  the  s})ecial 
behaviour  (jf  the  indicator  under  the  same  circumstanc<*s  ;  for  instance, 
saliva,  which  is  generally  neutml  to  litmus  paper,  is  always  strongly 
alkaline  to  lacnmid  (»r  Omgo  re<l,  and  acid  to  turmeric  |>aper.  Fn'sli 
milk  reacts  verv  much  in  the  siime  wav.  No  absohitelv  hard  and  fast 
line  can  however  be  drawn. 

Thomson  gives  the  following  Uible  a.s  an  ej)itome  of  the  results 
obtained  with  indicators,  and  on  which  several  ])r(K'e«8es  have  Immmi 
based.  The  figures  r(»fer  to  the  nund)er  of  atoms  of  hydrogen  displaced 
by  th(»  monatomic  metals,  scnlium  or  potassium,  in  the  form  f»f 
hv<lrates.  Where  a  blank  is  left  it  is  meant  that  the  end-reaction 
is  obscure.  The  figures  aj>ply  also  to  ammonia,  excej>t  where 
phenolplithalein  is  conc'erned,  and  when  boiling  solutions  are  use<l. 
Calcium  an<l  barium  hydrates  also  give  similar  results,  except  when* 
insohdde  com[>ounds  are  jmnluced.  I^icmoid  pajier  acts  in  every 
respect  like  methyl  omnge,  excej)t  that  it  is  not  affwted  by  nitrous 
acid  or  it^  comjM)unds.  Tunneric  paper  behaves  exactly  like  phen- 
olj)hthalein  with  the  mineml  acids  an<l  also  with  thiosulphuric  and 
organic  acids. 

A.  H.  Allen  clearly  jH>ints  out  that  the  acid  which  enters  into  the 
composition  of  an  indicat^ir  must  l)e  weaker  than  the  acid  which  it  is 
required  to  estimate  by  its  means.  The  a<*id  of  which  methyl  orange 
is  a  salt  is  a  tolerably  strong  one,  since  it  is  (mly  com]>let<dy  disjdaced 
by  the  mineml  acids  ;  the  organic  acids  are  not  strong  enough  to 
overpower  it  completely,  hence  the  uncertainty  of  the  end-reaction. 
The  still  weaker  acids,  such  as  carbonic,  hydrocyanic,  l)oric,  oleic,  etc., 
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do  not  (lecoiiipose  the  iiiiHeator  at  a)i,  hence  their  salts  may  be  titratwl 
by  it,  jiwt  OS  if  the  baaes  only  were  present,  (hi  tlie  other  liand 
the  acid  of  ]ilienolj)lithaleia  is  extremely  weak,  hence  its  salta  are 
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eauily  deconijiosed  ]iy  the  orj^anic  and  cai'honic  acidn.  A  combination 
of  tlie  two  indicotow  is  fre(|iiently  of  service  ;  say,  for  instance,  in 
a  mixtiiri!  of  nonual  and  acid  sodium  carbonate,  if  first  titrated  with 
pheiiolphtliolein  anil  standanl  mineral  acid,  the  rose  colour  disappears 
exactlj'  at  the  ])oint  wheu  the  nonual  car1.K>iiate  is  saturated,  tlie 
bicarbonate  can  then  be  found  by  continuing  the  ojieration  with 
methyl  onui^'e.  The  study  of  these  new  indicators  is  still  somewhat 
iin|«;rfect,  and  requires  further  ehicidation  ;  more  especially  if  we  take 
into  consideration  some  new  aspects  of  the  (juestion  mentioned  in 
a  paijer  by  R.  T.  Tliomson  {J.  S.  C.  I.  xii.  432).  Tlie  experiments 
there  recorded  and  which  are  too  voluminous  to  produce  here,  are  of  . 
a  very  interesting,  character  and  ]>oint  to  the  supposition  that  moleculai- 
condition,  viscosityof  the  licpiid  or  some  such  influence  was  at  woric, 
so  OS  to  modify  ver>'  considerably  the  aetiou  iif  the  indicator.  Th« 
irregularities  occnrrintr  in  the  cases  mentioned  are  no  doubt  exceptional, 
and  need  not  disturb  the  faitli  bitlicrto  re]toseil  in  well-known  nn<l 
much-used  m  tl  «l     ft  trat 
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not   to   the   aamv  extent  as  glycerin.      ^fannitcil  act.'*   just  as  w(»IL 

(^«'«  §  22.) 

Tlio  result  of  these  investigations  is  to  give*  a  fairly  satisfactory 
method  of  estimating  volunietrically  the  boric  acid  existing  in  its 
natuml  compounds  and  various  kinds  of  ftMMl. 

An  excellent  classification  of  the  more  modern  indicators  as  well  as 
those  previously  described  is  given  by  F.  (J laser  (Z.  A.  C,  1899, 
273-8),  and  th(»  sum  of  his  remarks  cm  tliem  is  given  hi  J.  C,  S,  I.y 
1899,  Ah^t,  708. 

Gboup  I.  (senBitive  to  alkalie*). 

Tropaeolin  00. 

Methyl  and  Eth>ioraiiKe,  Dimethylaniido-azobenzene. 

Conoco  Red,  Benzopiyrpurin,  lodo-eosin,  Cochineal. 

Lacnioid. 

Gboup  II. 

Fluorescein,  Fhenacetolin. 

Alizarin,  Orseille,  Ha'inaloxylin,  Galleiii. 

Litmus. 

/^Nitropheiiol.  Guaiacum  tincture. 

Rosolic  Acid. 

Gkoup  III.  (sensitive  to  acids). 

Tropaeolin  000. 

Phenolphthalein,  Tunueric,  Curcumin  W.  Flavesciii. 

a-Napht  hoi  ))enzei  ii . 

Poirner's  Blue  Cfi. 

The  above  indicators  are  all  either  of  acid  or  saline  nature,  and  the  classification 
is  iKused  ui)on  the  strength  of  the  acid  radicle  contained  in  each.  Members  of 
Group  I.  are  of  strong  acid  nature,  con8e<iuently  they  react  readily  with  bayes 
forming'  stable  salts ;  they  are  not  sensitive  to  weak  acids.  The  acid  cliaracter  of 
the  indicators  in  Group  III.  is  only  weakly  marked,  conseijuently  they  are  but 
slightly  s€'nsitive  to  koses ;  their  salts  are  unstable  and  easily  decomposcni  by 
acids.  Mem!)ers  of  Group  II.  are  intermediate  in  character  lx»twet»n  those  of 
Groups  I.  and  III.  The  tal)le  is  so  drawn  up  that  the  st'usitiveness  of  the 
successive  indicators  to  alkalies  decreai?es  as  the  sensitiveness  to  acids  increases. 

The  knowledj^e  of  the  position  of  an  indicator  is  of  imi»ortance  when  Ixxlies  are 
titnitiMl  whose  basic  or  acid  character  is  not  well  marked,  e.y.^  the  salts  of  the 
miiuTil  acids  with  alumina,  carbonates,  silicates,  etc.  Further,  the  table  enables 
us  to  detennine  to  some  extent  the  nature  and  strength  of  an  acid  or  Imisc  by 
titrating  it  with  tlio  help  of  different  indicators,  e.g.,  if  one  acid  can  be  readily 
titrated  with  the  help  of  either  lacmoid  or  litmus,  and  another  only  with  the 
latter,  then  the  two  acids  must  be  of  different  strengths. 

AVhen  titrating  fonnic  acid,  lacmoid  is  a  fairly  good  indi<'ator,  but  litmus  in 
better  ;  with  acetic  acid  a  member  of  (Jroup  III.  must  be  uwd.  Here  we  have 
a  confirmatiim  of  the  fact  that  among  homoloj^ous  or^'anic  acids  with  the  same 
number  of  carboxyl  groups,  the  acid  cliaracter  diminishes  with  increasing; 
molecular  weight. 

In  titrating  alkalies  the  rule  holds  jjood  that  an  indicator  only  shows  the  cikI 
of  a  reaction  sluiri)ly  when  the  product  of  the  change  Is  neutral.  The  cliange  of 
colour  is  only  shar])  when  strong  fixed  Ixises  are  used ;  anunonium  salts  being 
readily  hydroly.sed  by  the  water  present.  When  very  dilute  solutions  of  tlu* 
fixed  l)ases  are  used,  the  colour  change  is  often  not  shari* ;  this  is  due  more  to 
the  hvdrolvtic  action  of  the  water  on  the  indicator  than  on  the  salt  fonue<i. 

Ilydrolytic  chanj^es  in  presence  of  indicators  of  Group  III.  are  frequently 
ascribed  to  the  influence  of  CO.^  in  the  air.    The  author  shows  exi)erimentally 
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t)iat  the  fading  of  the  culour  of  a  weak  alkaline  solution  containing  phenolpli- 
thalcin  is  due  more  to  the  hydroh'tic  action  of  the  water  present  than  to 
atmospheric  00^.* 

PREFABATION    OF    THE    NOBMAL    ACID    AND 

ATiKATiTNE    SOLUTIONS. 

§  15.  It  is  quite  possilde  to  varvy  out  the  titration  of  aeidrt  and 
alkalie-s  with  only  one  standard  liquid  of  eacdi  kind  ;  but  it  frequently 
happens  that  standard  acids  or  alkalies  are  r(*quired  in  other  processc^'^ 
of  titration  V)esides  mere  saturation,  and  it  is  therefore  advisaV>le  to 
have  a  variety. 

Above  all  things  it  is  absolutely  necesstiry  to  have,  at  least,  one 
standard  acid  and  alkali  prej>aro<i  witli  th(!!*inost  scrupulous  accunicv 
to  use  as  foinidations  for  all  others. 

It  is  preferable  to  use  sulphuric  acid  for  the  normal  acid  solution, 
inasmuch  as  there  is  no  difliculty  in  getting  the  j)urest  acid  in  com- 
merce. The  normal  acid  made  with  it  is  totally  unaffe(!t<Ml  by  l)oiling, 
oven  wluiu  of  full  strength,  wliich  caimot  be  said  of  either  nitric  or 
hydrochl(»ric  acid.  Hydrochloric  acid  is  however  generally  preferred 
by  alkali  makers,  owing  to  its  giving  solul>le  ct)mpounds  with  lime  and 
.similar  bases.     Nitric!  and  oxalic  acids  are  also  sometimes  convenient. 

Sodium  carbcmate,  on  the  other  hand,  is  to  be  preferred  for  the 
standard  alkali,  because  it  may  readily  l)e  ])re])arcd  in  a  pure  state,  or 
maybe  easily  made  from  pure  sodium  bicarbonate  as  described  further 
on.t  Differences  of  opinion  exist  among  <*hemists  as  to  the  best 
substances  to  be  usimI  as  standar<ls  in  jneparing  the  vari(jus  solutions 
used  in  alkalimetry  and  acidimetry.  ^ly  experience  satisfies  me,  that 
although  many  of  these  nKxlilications  may  serve  very  well  as  controls,. 
there  is  no  more  reliable  standard  than  jnire  sodium  carbonate. 

Tlie  chief  difHculty  with  sfMlium  car})onate  is,  that  with  litmus  as 
indicator,  the  titration  nnist  ])»-carried  on  at  a  boiling  heat  in  order  to 
get  rid  of  COg,  which  hinders  the  pure  blue  colour  of  the  indicator, 
notwithstanding  the  alkali  may  be  in  great  ex(M»ss.  This  difficulty  is 
now  set  aside  by  the  use  of  methyl  orange.  In  case  the  operator  has 
not  this  indicator  at  hand,  litmus  or  jdienolphtlialein  give*  perfectly 
accurate  results,  if  the  saturation  is  first  conducted  by  rapidly  lK)iling 
the  liquid  for  a  minute  after  each  addition  of  acid  until  tin;  i>oint  is 
reached  when  one  «lroj)  of  acid  in  c^xcess  gives  a  change  of  colour, 
which  is  not  altered  by  further  boiling.  This  is  used  as  a  preliminary 
test,  but  as  titrations  are  usually  conducted  at  ordinary  tempeiiitures, 
the  final  adjustment  shouhl  lie  made  by  adding  in  the  second  trial 
a  moderate  excess  of  the  miid,  then  boiling  to  get  thonmghly  ri<l  of 
C0.2,  rapidly  cooling  the  liquid,  and  titrating  back  with  an  accurati* 
standai-d  alkali.  A  slight  calculation  will  then  give  th(i  figures  for 
adjustment.     If  great  accuracy  is  recjuired  this  Imiling  must  not  tiike 

*  A  rerj  coinpreheDBive  list  of  indicator  solntione  and  pai)€r8  is  compiled  by  A.  I.  Cob n> 
Pb.  6.,  and  pnbllabed  by  T.  Wiley  and  Sons,  New  York. 

t  Tbe  author  always  uses  the  powdered  salt  manufactured  by  Howards  and  Sons,  Stratford, 
London,  which  Kives  a  perfectly  clear  solution  in  water,  and  shows  no  trace  of  chlorides, 
^sulphates,  or  any  other  impurity. 
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])lac('  ill  j^loHH  rtartks,  but  in  vesselH  of  jx>n'plain,  i>latiimni,  or  silver,  as 
vvvn  »J('im  glass  is  alFoct^Ml  Ly  boiling  alkaline  solutions. 

As  lias  been  previously  said,  these  two  standards  of  aci<l  and  alkali 
must  ])e  j>re|Mire<l  with  the  utmost  eare,  sinee  upon  their  eorreet 
l^H^panition  and  i>reservation  dej>ends  the  voriHcation  of  other  sUmdard 
solutions. 

The  best  metli(Ml  of  prejMiring  sodium  carbonate  for  standanlizing 
sul|)huric  or  hydrochloric  aci<l  is  to  half  till  a  platiimni  l»asin  with 
pure  Hcnlium  bicarbonate  in  powder  (NallCO.j).  Place.it  in  an  air 
bath  already  h(»ated  to  about  200^  C,  and  raise  the  tem])erature  to 
270-  SO'^,  but  not  nior*^  than  300^"  ('.  Let  it  remain  at  this  tempera- 
ture half  an  hour,  then  cool  it  in  an  exsi(*cator,  and  before  it  is  cjuite 
cold  tnnisfer  it  U>  a  warm,  dry,  st(>ppered  tube  or  bottle,  out  of  which 
it  m.iy  l)e  weighe<l  rapidly  when  wante<L  The  carbonate  s<»  j)roduced 
will  Ix'  free  from  lumps  and  easily  soluble  in  cold  distilled  water.  To 
st4indar(lize  the  dihited  acid  alxait  2  or  3  grams  of  carbonate  shouhl 
be  (juickly  weighed,  dissolved  in  about  HO  or  100  c.c  of  water,  2  drops 
of  methyl  orange  solution  adcUMl,  and  tin'  opemtion  compl«'t<Ml  ]»y 
running  tin*  acid  of  unknown  strength  from  a  burette  divi<led  int^» 
,^(y  c.c.  int^>  th<'  soda  solution  in  small  (piantities  until  exact  sjitumtion 
<iccurs. 

A  second  trial  should  now  be  made,  but  pr(»ferably  with  a  diilerent 
weight  of  the  salt.  The  siituration  is  carried  out  pifcisely  as  at  first. 
The  data  for  ascerUiining  the  exact  strength  of  the  acid  solution  by 
calculation  are  now  in  hand. 

A  strictiv  normal  acid  should  at   16°  C.  exactlv  siiturate  s<Mlium 

•  « 

carbonate  in  the  j)roportion  of   100  c.c.  to  5*3  gm. 

Sup]>ose  that  2*46  gm.  carbonat*'  riMjuired  41*5  c.c.  nf  the  aci<l  in 
the  first  experiment,  then 

2-46   :  5-3   :   :  41*5   :  ./•=.89-4  O,. 
Again  :  2*1 '"53  gni.  <'arbonate  recpiired  36*32  c.c.  (ff  aci<l,  then 

2- 153   :  5*3   :   :  36*32   :  ./^Sy^  c.c. 

The  acid  may  now  be  adjusted  by  measuring  890  c.c.  into  the 
graduate(l  liter  cylindei',  adding  4  c.c.  from  the  burette,  or  with 
a  small  pijjctte,  and  filling  to  the  liter  mark  with  distilled  water. 

Finally,  the  strength  of  the  acid  so  prepared  nnist  be  j>n)ved  by 
taking  a  fresh  (piantity  of  s(»dium  carbonate,  or  by  titmtion  with 
a  strictly  normal  sodium  carbonate  .solution  pn'viously  made,  and 
using  not  less  than  50  c.c.  for  the  titration,  so  as  to  avoid  as  much  as 
possible  the  pc^rsonal  (*rror8  of  measurement  in  small  (piantities.  If 
the  measuring  instrunnMits  all  agree,  and  the  op<»rations  an>  all  con- 
ducted with  due  care,  a  drop  or  two  in  excess  of  (»ither  acid  or  alkali 
in  50  c.c.  should  suffi(!e  to  reverse  the  colour  of  the  indiwit<)r. 

Tlie  adoption  of  sodium  carbonate*,  as  a  standard  for  i)re])aring 
normal  acid  solutions  is  strongly  recomnn»nde<l  in  lounge's  Report  t(» 
the  International  Congress  of  Applied  Chemistry  (Zeiftf.  f.  avfjpw. 
Cheiif.y  1903,  xxiv,  560  also  Analyst^  xxviii.  307/  From  tin*  acid  so 
standardized  a  corresjMniding  normal  caustic  alkali  may  be  made,  an<l 
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from  tliat   a  normal   oxalic  aciil,  and  from  that  a  decinormal  per- 
manganate. 

1.     Normal   Sodium   Carbonate. 

53  gm.  NagCOy  per  liter. 

This  solution  is  made  by  dissolving  crystals  of  pure  sodium  car- 
honate,  then  ascertaining  its  strength  by  a  correct  normal  acid  at  16°, 
and  adjusting  its  volume  so  that  it  corresjxinds  exactly  Avith  the 
normal  acid.'  Absolutely  pure  anhydrous  sodium  carbonate  is  difficult 
to  find  in  commerce,  and  even  if  otherwise  jmre,  is  generally  con- 
taminated with  insoluble  dust  contracted  in  the  i)rocess  of  drying. 

2.     Normal   Potassium   Carbonate. 

69  gm.  KoCO^  per  liter. 

This  solution  is  sometime.s,  though  rarely,  preferable  to  the  soda 
salt,  and  is  of  service  for  tlie  estimation  of  combined  acids  in  certain 
cases,  where,  by  boiUng  the  compound  with  this  agent,  an  interchange 
of  acid  and  Iwise  occurs. 

It  cannot  be  prei>ared  by  direct  weighing  of  the  potassium  carbonate, 
and  is  therefore  best  established  by  titrating  a  solution  of  unknown 
strength  Anth  strictly  normal  acid. 

3.     Normal   Sulphuric  Acid. 

49  gm.  H2SO4  per  liter. 

About  30  (!.c.  of  pure  sulphuric  acid  of  sj).  gr.  1*840,  or  tliereabouts, 
are  mixed  with  three  or  four  times  the  volume  of  distilled  water  and 
allowed  to  cool,  then  put  into  the  graduated  cylinder  and  diluted  tip 
to  about  a  liter  at  the  proper  temperature.  Tin*  solution  may  now  be 
titrated  with  sodium  carbonate,  as  previously  described,  and  accurately 
adjusted. 

In  the  foregoing  directions  for  the  prei)aration  of  standaixl  acid  and 
alkali  it  is  evident  that  with  the  exception  of  control  by  the  rather 
doubtful  ])recipitation  of  the  sulphuric  acid  by  ])arium,  the  re^jjonsi- 
l)ility  for  an  accurate  aciil  solution  is  tlu'own  upcm  the  sodium 
carl  >(  mate,  antl  though  my  experiences  has  been  that  with  proper  care 
this  is  quite  reliable,  it  is  plain  that  any  other  means  of  getting  at  the 
accurate  strength  of  the  sulphuric  acid  will  be  acceptiible.  This  is 
now,  owing  to  the  elabomte  and  careful  experiments  of  Pickering  on 
the  specific  gravities  of  various  solutions  of  sulphivric  acid,  rendered 
cpiite  possible  {J,  C,  S.  Tram.,  1890,  64-184). 

It  is  true  that  the  conditions  under  which  the  working  strength  of 
the  acid  is  obtained  are  very  stringent,  and  need  the  utmost  care  in 
performance,  but  of  the  extremti  accuracy  of  the  residt  there  is  no 
shadow  of  doubt. 

AVeare  indebted  to  A.  Marshall,  who  has  made  use  of  Pickering's 
figures  to  calculate  a  fonnula  and  tables,  which  may  be  used  for  making 
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M\)  staiulanl  .soluticuis  of  Hiilpliiiric  acid  with  grwit  accimicy  and  case. 
J*ick(?rinjj;'s  jMMX'entagos  are  }>ase<l  uimhi  the  freezing  points  of  coii- 
ti'iitmtfMl  sulpiiuric  acid,  and  they  are  accumti'  witliin  0*01  i)er  cent. 
A.s  pmotically  no  vohmu'tritr  method  can  he  relie<l  uj)on  within  h'ss 
than  0*1  per  cent,  tliis  leaves  an  aniph'  margin.  Considemtion  of  the 
figures  shows  tliat  thi?  strength  of  the  acid  can  he  determined  with  th(^ 
necessiiry  acciimcy  with  h»ast  ditticulty  when  the  acid  contjiins  from 
()0  to  85  per  cent,  of  HgSO^.  Between  these  limits  an  error  of  0*001 
in  the  specific  gravity  or  of  l'^  C.  in  the  temi)erature  will  introduce  an 
i'rror  of  ahimt  0*14  per  cent,  in  the  amcmnt  of  acid,  whereas  outside 
the  ahove  limits  the  error  introduced  may  he  many  times  as  gi-eat. 

Method  of  PRocEnuRK :  Hij^hly  pure  sulphuric  acid  should  be  taken  and 
dihited  with  water  (preferably  by  adding  the  acid  to  the  water).  Cool  the 
mixture  to  a  convenient  temjHjrature  and  then  detennine  its  specific  gravit}'. 
The  temperature  nmst  be  known  within  05°  C.  and  the  specific  gravity  within 
0'0005.  If  a  Sprengel  tube  of  25  c.c.  capacity  be  used,  the  weighings  must  be 
correct  >vithin  O'Ol  gm.  The  percentage  of  HjSO^  in  the  acid  is  then  given  by 
the  formula 

P  ==  D  (85-87  +  05  T  -  ( K  KH  t-)  -  69  80 

where  P=per  cent,  of  HjSO^  in  the  acid 

and  D= density  of  the  acid  at  T*  C.  referred  to  water  at  i^  C. 
The  above  formula  may  be  u^ed  for  any  temperatures  from  0°  to  40^  C.  and 
for  acid  containing  02  to  82  per  cent,  of  1X5804.    The  percentages  given  by  it 
are  correct  with  ±*1  per  cent. 

The  weight  of  acid  required  for  the  preparation  of  the  standard  solution  can 
niw  be  calculated. 

Let  A  =  grams  of  II2SO4  per  liter  in  the  required  solution 

and  »  =  number  of  hters  require<l 

and  W  =  weight  of  the  acid  which  must  be  weighed  out 

'^'''<^='  W  =  •,  A  .   'JO 

Weigh  out  W  grams  of  the  acid  and  make  it  up  to  »  liters. 

The  ])ercentage8  given  by  the  above  em])irical  fonnula  are  (juite  accurate 
enough  for  all  ordinary  purposes ;  the  maximum  error  which  could  be  introduced 
by  employing  them  is  about  1  in  1,500.  More  accurate  values  may,  however, 
be  obtained  from  Tables  I.  and  II. ;  if  great  care  be  exercised,  the  error  in  the 
percentage  neel  not  then  exceed  1  in  7,000.  The  weights,  on  which  these  tibles 
were  based,  were  fully  corrected  for  air  displacement.  The  weights  of  acid  and 
w.vter  contained  by  the  piknometer,  or  Sprengel  tube,  must  therefore  be  similarly 
corrented.  Unless  a  verjr  high  degree  of  accuracy  be  aimed  at,  this  correction 
mav  be  made  by  subtracting  0*001  from  the  uncorrected  specific  gravity  found. 

The  table  at  IH'  C.  (Table  II.)  is  slightly  more  reliable  than  that  at  J 5°  C. 
(Table  I.),  as  18"  was  one  of  the  temperatures  at  which  Pickering  actually 
determined  the  densities.* 

*  The  figures  of  these  tables  are  only  applicable  to  pure  sulphuric  acid. 
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Table  1. 
For  Asoertoining  the  Feroentage  Strangth  of  Sulphuric  A.oid 
SolutioDB  from  the  Bpeoiflc  Gravities  at  16°  C.  (Water  at 
_  16°  C.  =  l). 
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TiBLE    II. 

For  Ascertaining  the  Percentage  Strength  of  Sulphuric  Acid 
Solutions  from  the  Specific  Qra-vltieB  at  18°  C.  (Water  at 
18'  C.  =  l). 


pMiild 

ravity 

'■  i 

1-60 

68-S9 

68-97 

1-61 

0975 

69-83 

1-6:^ 

70-01 

70-09 

l-Kl 

71-46 

71-55 

nn 

72-31 

72-4!) 

|-.i5 

73-16 

73-25 

1-(M> 

74-01 

74-10 

1-Ii7 

74-86 

74-93 

1-liN 

7571 

75-80 

l;6il 

75-65 

i-,(» 

77-42 

77-51 

171 

78-29 

78-37 

1-7;^ 

7916 

79-24 

1-73 

8J-03 

80-12 

80-93 

81-02 

17.-. 

81-86 

8|-:.3 

1-76 

82-82 

82-92 

1-V7 

8^1-83 

81-02 

■  ■  60-23  i  69-32  1 
70-09  I  70-18 
.  70-85  :  71-03 
;,  71-80  ■71-89' 
;  72-65  :  72-74 
73-50  73-59 
74-35  ,  74-44 
75-20  1  75-29  1 


7fi-91  ;  76-99   77-0; 


69-10  69-4!» 
70-26  70-33  ■ 
71-12]  71-20' 
71-97  I  72-06 
72-82  '  72-91 
73-67  !  73-76 
74-52  74-61 
7«-37  7546 
■6-22    76-31 


7-94  ■ : 


69-58  69-60 
70-43  70-32 
71-29  71-37 
7214  72-23 
72-99  73-08 
73-84  '  73H3 
74-69  '  74-78 
75-54  i  75-63 
76-40  76-48 
77-25  77-34 
8-20 


.     .       .  ;8-00  '  78-98    70-07  , 

79-S3    79-42  ■  70-51  i  79-60    79-6H  7977  I  7985  ,  7094  I 

80-21     8J-30    80-30  I  80-48    B0-J7  80-66  I  8073  '  PO-84  ' 

81-12    81-21    81-30181-40    81-49  81-58  I  8167  '  8178  ' 

82-04    82-14  I  8824  |  82-34    82-44  83-53    S2-63    82-72  i 

83-42  83-52    83-62  '.  83-72 

8i-43  84-54  j  84-65    ftt-77  | 

I'sinf,' these  talil<w  1  liave  found  tliat  a  normal  acid  of  gi-tat  accuracy 
may  readily  In.-  pre|iansl,  Mid  the  strong  solution  ni«y  be  kfpt  intact 
ill  sti-fiigtli  if  placi'il  in  a  weU-stopiiereil  bottle  so  as  to  preserve  it 
from  dam]i  air.  Tlie  fact  that  the  t-oncfutratwi  acid  i«  weighed,  and 
not  measured,  is  an  additional  wturity,  and  the  weighing  may  take 
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placi'  within  a  larg«'  raiij^*^  of  temperatureK  without  any  practical  loss 
of  accuracy. 

As  a  check  to  the  normal  solution  thus  luaih*  1  liavc  usihI  pure 
aoilium  carb<»nat(*  prt»parwl  aud  weij^hed  with  tlie  utmost  care,  and 
titmted  hy  the  help  of  methyl  oranj^e,  with  tlu'  most  siitlsfactory 
results. 

4.     Normal   Oxalio  Acid. 

G:^  ^m.  C.,(\II.,2H^(),  or  45  gm.  CWF.^  per  liter. 

This  solution  caiuiot  very  w«*ll  he  e,st<ihlished  by  direct  weighing, 
owing  to  uncertain  hydration  ;  hen(!e  it  must  he  titrateil  hy  normal 
alkali  of  known  accumcy,  an<l  phenolphthalein  as  indicator. 

The  solution  is  apt  io  deposit  some  of  the  acid  at  low  temperature.s, 
hut  keeps  fairly  well  if  preserved  from  direct  suidight,  and  will  hwir 
heating  without  V(»latilizing  the  acid.  Very  dilute  solutions  of  oxalic 
acid  are  unstable  ;  therefore,  if  a  decinormal  or  centin<»rmal  solution 
is  at  any  time  re(piire4l,  it  should  be  made  when  wantiMl. 

5.     Normal   Hydrochloric  Acid. 

:U)-45  gm.  HCl  per  liter. 

It  has  been  shown  by  Kostoi'  and  I>ittmar  (./.  C.  «*^.  xii.  128, 
18(50)  tliat  a  solution  of  hydrochloric  acid  containing  20*2  per  cent,  of 
tin*  g.is  when  boile<l  at  about  700  m.m.  pressure,  loses  acid  and  water 
in  the  s'lme  proportion,  and  the  residue  will  therefore  havf»  the 
c<»nstant  composition  of  20'2  per  cent.,  or  a  specific  gravity  of  1*10. 
About  181  gm.  of  acid  of  this  gravity,  diluted  t<»  one  liter,  serves  very 
well  to  form  an  appniximate  normal  acid. 

The  actual  strength  may  be  determined  by  precij)itation  with  silver 
nitrate,  or  by  titration  with  an  exactly  weighed  tjuantity  of  ]mn» 
sodium  cnrb«>nate,  or  jnire  anhydrous  calcium  carbonate  (Iceland 
Sjiar).  Hydrochloric  aci<l  is  useful  on  account  of  its  forming  soluble 
(M impounds  with  the  alkaline  earths,  but  it  has  the  disadvantage  of 
volatilizing  at  a  boiling  heat.  Dittmar  says  that  this  may  be 
preventcil  by  adding  a  few  grams  of  sodium  sulphate.  In  many 
cases  this  would  be  inadmissible,  for  the  sjune  reason  that  sul]>hurie 
aeid  cannot  be  used.  The  hydrochloric  acid  from  which  sUmdard 
sohitions  are  made  must  be  free  fr<>m  clilorine  gjis  or  mettillic  chlorides, 
and  should  leav<'  no  residue  when  evai>orated  in  a  platinum  vessel. 

(J.  T.  Mo(Mly  (J.  0.  aS'.  Trans.  1898,  658)  describes  a  methcMl  of 
ju-eparing  an  accurate*  sUmdard  acid  which  consists  in  jjassing  gaseous 
llCl  into  wati»r,  and  weighing  the  amruuit  absorbed.  This  requires 
a  rather  delicate  arrangement  of  apjwiratus,  but  is  undoubtedly  capable 
of  gri*at  accuracy  when  proi»erly  carriexl  out. 

6.     Normal   Nitric   Acid. 
63  gm.  TINO^  per  liter. 

A  rigidly  exact  normal  acid  should  be  estiiblished  by  sodium  (»r 
calcium  carbonate,  a«  in  the  case  of  normal  hydrochloric  acid. 
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The  nitric  acid  used  should  he  colourless,  free  from  chlorine  and 
nitrous  acid,  sp.  gr.  ahout  1*3.  If  coloured  from  the  jiresence  of 
nitrous  or  hyponitrous  acids,  it  should  he  mixed  with  two  volunu's  of 
water,  and  hoiled  until  white.  A\nien  cold  it  may  he  diluted  and 
titrated  as  jn-eviously  descrihed  for  sulj)huric  acid. 


7.     Normal   Alkaline   Hydroxides. 
Caustic  Soda,  or  Potash. 

40  gm.  XaHO  or  56  gm.  KHO  per  liter. 

Pure  caustic  soda  made  from  metallic  sodium  mav  now  he  readily 
•ohtaineU  in  connnerce,  and  hence  it  is  easy  to  prepare  a  standard 
solution  of  exceeding  purity,  hy  simj)ly  dissolving  the  suhstance  in 
<listilled  water  till  of  ahout  1*05  sj).  gi-.,  or  ahout  50  gm.  to  the  liter, 
roughly  estimating  its  strength  hy  normal  acid  and  methyl  orange  or 
litmus,  then  finally  adjusting  the  exact  strength  hy  titmting  50  c.c. 
with  normal  acid. 

However  pure  caustic  soila  or  potash  may  otherwise  he,  they  arii 
hoth  in  danger  of  ahsorhing  carlwnic  acid,  and  hence  in  using  litmus 
-or  phenolphthalein  the  titration  must  he  conducted  with  hoiling. 
Methyl  orange  permits  the  use  of  these  solutions  at  ordinary  tempem- 
ture  notwithstanding  the  presence  of  COg. 

Sodium  and  pobissium  hydroxides  may  hoth  he  ohtained  now  in 
commerce  sufficiently  pure  for  all  <jrdinary  titration  purposes,  and 
their  solutions  may  he  freed  from  traces  c»f  clilorine,  sulphuric, 
silicic,  and  carhonic  acids,  hy  shakhig  with  ^lillon^s  hase,  trunercur- 
iimmcmium  {C.  N.  xlii.  8).  Carhonic  acid  may  also  he  removed  hy 
the  cautious  addition  of  harium  hydrate  in  solution,  shaking  well,  and 
then  after  settling  clear  ascei*taining  the  exact  strength  with  correct 
standaitl  acid. 

In  preparing  these  alkaline  solutions,  they  should  l)e  exi)Osed  as 
little  as  possihle  to  the  air,  and  when  the  strength  is  finally  settled, 
should  he  jjreserved  in  a  hottle  similar  to  that  sliown  in  fig.  24,  or  in 
full  hottles  having  their  glass  Nstoppei's  slightly  gi-eased  with  vaseline. 


8.    Semi-normal  Ammonia. 

8*5  gm.  >»H.{  per  liter. 

This  strength  of  standard  ammonia  is  useful  for  saturation  analyses 
in  some  cases  ;  it  is  cleanly,  does  not  readily  al)sorh  carhonic  acid, 
holds  its  strength  well  when  ke])t  in  a  cool  place  and  well  stoppered, 
hut  is  liahle  to  develop  flocculent  gi'owths ;  it  may,  however,  he 
prepared  in  a  few  minutes,  hy  simply  diluting  strong  li(piid  ammonia 
with  fresh  distilliMl  water.  An  approximate  solution  mav  he  made 
with  ahout  28  c.c.  of  '880  NH.^  to  tlie  liter. 

A  normal  solution  cannot  he  used  with  safety,  owing  to  evaporation 
of  the  gas  at  ordinary  temperatures. 
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9.     Decinormal   Barium   Hydroxide. 

• 

This  soluticui  is  best  ina<lr  from  the  crystiilliziMl  hydroxidi;  Jipjuoxi- 
nmtcly  of  '^/jo  «trenj^h.  This  is  (hnie  hy  shakinj^  up  iii  a  stoppered 
hotUe  powdered  erystiils  of  hariuin  liydroxi(U'  with  distilled  water,  and 
allowing  it  to  stand  a  day  or  two  until  (piite  clear;  tiiere  should  he  an 
i'.^cess  of  the  hydrate,  in  which  case  the  clear  solution,  when  poured 
oH'  into  a  stock  bottle  fitted  with  a  tube  to  prevent  tin*  entmnce  of 
C(  ).2  (see  ti^.  24)  will  be  nearly  twice  the  re(piired  strenj^h.  It  is 
better  to  dilute  still  further  (after  taking  its  aj)proxiniate  strength 
with  ^/lo  HCl  and  phenolphtlialein)  with  freshly  boiled  and  cooled 
distilled  water ;  the  actual  working  strength  may  1m»  checked,  by 
i'vapomting  20  or  25  c.c.  to  dryness  with  a  slight  excess  of  sulphuric 
acitl,  then  igniting  over  a  Ihinsen  Hamo  and  weighing  the  JJaSO^. 
The  conesponding  acid  may  be  either  ^/lo  oxalic,  nitric,  or  hydn)- 
chloric,  and  the  j)roper  indicator  is  phenolphtlialein.  Oxalic  acid  is 
recommende<l  by  Pettenkofer  for  carbonic  acid  estimation,  because 
it  has  no  effect  upon  the;  barium  carbonaU^  susjwnded  in  i\'(»ak 
solutions  ;  but  there  is  the  serious  dmwback  in  oxalic  a(;itl,  that  in 
dilute  soluti«m  it  is  liable  to  lose  its  strength  ;  therefore,  if  ^/lo  <»xalic 
acid  is  used  it  should  be  freshly  j)rei)ared  from  a  normal  solution. 

The  Iwirytii  solution  is  subject  to  constant  change  ]>y  absorption 
of  carbonic;  acid,  but  this  may  be  prevented  to  a  great  ext<»nt  by 
l)reserving  it  in  thi»  bottle  shown  in  fig.  24.  A  thin  layer  of  light 
petroleum  oil  on  the  surface  of  the  li(piid  preserves  the  baryta  at  one 
strength  for  a  long  perio^l  in  the  bottle  sliown  in  fig.  25. 

The  reaction  between  baryUi  and  yellow  turm<»ric  juiper  is  very 
delicat<',  so  that  the  merest  trace  of  baryta  in  excess  gives  a  decided 
br«)wn  tinge  to  the  eilg<»  of  the  spot  made  by  a  glass  rcxl  on  the 
tunneric  i)aper.  If  the  substance  to  be  titmted  is  not  too  highly 
coloured,  phenolj)hthalein  should  invariably  be  used. 

10.     Normal  Ammonium-Copper  Solution  for 
Acetic  Acid  and  free  Acids  and  Bases  in  Earthy  and 

Metallic  Solutions. 

This  acidimetric  solution  is  pre.i)ared  by  ilissolving  pure  copper 
sulphati*  in  warm  water,  and  adding  to  the  clear  solution  li([uid 
ammonia,  until  tlu^  bluish-gi-een  i)recij)itate  wdiich  fii-st  appcaw  is 
nearly  dissolved  ;  th(»  solution  is  then  filteretl  into  the  graduated 
<;ylinder,  and  titrated  by  allowing  it  to  flow  from  a  pipette  graduated 
in  I  or  y^y  c.c.  into  10  or  20  c.c.  of  normal  sulphuric  or  nitric  acid 
(not  oxalic).  While  the  acid  remains  in  excess,  the  bluish-grecni 
precipitate  which  (xjcurs  as  the  drop  falls  into  the  acid  rapidly 
ilisappears  ;  but  so  soon  as  the  exact  i)oint  of  saturation  occurs,  the 
previously  clear  solution  is  rendered  turbid  by  the  precipitate 
remaining  insoluble  in  the  neutral  licpiid. 

The  process  is  especially  serviceable  for  the  estimation  of  the  free? 
acid  existing  in  certain  metallic  solutions,  /./'.,  mother-li(iuors,  etc., 
where  the  neutral  c<.mpounds  of  such  metals  have  an  acid  reaction  on 
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litmus — such  as  Uie  oxides  of  zinc,  coj)i)er,  and  magnesia,  and  tlie 
protoxides  of  iron,  manganese,  cobalt,  and  nickel ;  it  is  also  ai)plicable 
to  acetic  and  the  mineral  acids. 

If  cn})ric  nitrate  ))e  uschI  for  preparing  the  solution  instead  of 
sidphate,  the  presence  of  barium,  or  strontium,  or  metals  precipitable 
by  sidphuric  acid  is  of  no  consequence.  The  solution  is  standardized 
by  normal  nitric  or  sulphuric  acid ;  and  as  it  slightly  alters  by 
keeping,  a  coefficient  must  be  fomid  from  time  to  time  by  titrating 
witli  normal  acid,  by  which  to  calculate  the  results  sj^stematically. 
( )xides  or  carbonates  of  magnesia,  zinc,  or  other  admissible  metals,  are 
dissolved  in  excess  of  nonnal  nitric  acid,  and  titrate^l  residually  with 
the  copper  solution. 

Example  :  I  gm.  of  pure  sine  oxide  was  dissolved  in  27  c.o.  of  normal  acid, 
and  2*3  c.c  of  normal  oopper  solution  required  to  produce  the  precipitate  =s 24*7 
c.c.  of  acid  ;  this  multiplied  by  0*0405,  the  coefficient  for  zinc  oxide,  =  1  gm. 

ESTIMATION  OP  THE  COBEECT  STJEIENGTH  OP 
STANDARD  SOLUTIONS  NOT  STRICTLY  NOR- 
MAL    OR    SYSTEMATIC. 

§  16.  In  discussing  the  preparation  of  the  foregoing  standard 
solutions,  it  has  been  assumed  that  tliey  shall  be  strictly  and 
absolutely  correct ;  that  is  to  say,  if  the  m\m  measure  be  filled 
first  with  any  alkaline  solution,  then  witli  an  acid  solution,  and  the 
two  mixed  together,  a  perfectly  neutral  solution  shall  residt,  so  that 
a  drop  or  two  either  way  will  upset  the  equilibrium. 

Where  it  is  possil)le  to  weigh  directly  a  i)ure  dry  substance,  this 
approximation  may  be  very  closely  reached.  Sodium  carbonate,  for 
instance,  admits  of  being  thus  accurately  weighed.  On  the  other 
hand,  the  caustic  alkalies  camiot  be  so  weighed,  nor  can  tlie  liquid 
acids.  An  approximate  quantity,  therefore,  of  the^se  substances  must 
be  tiiken,  and  the  exact  power  of  the  solution  foiuid  by  exi)eriment. 

In  titrating  such  solutions  it  is  exceedingly  tliflicult  to  make  them 
so  exact  in  strength,  tliat  the  precise  quantity,  to  a  drop  or  two,  shall 
neutralize  each  other.  In  teclmical  matters  a  near  api)roximation  may 
be  sufficient,  but  in  scientific  investigations  it  is  of  the  greatest 
importance  that  the  utmost  accuracy  slioidd  be  obtained ;  it  is 
.tlierefore  advisable  to  ascertain  the  actual  difference,  and  to  mark 
it  upon  the  ve^els  in  which  the  solutions  are  kept,  so  that  a  slight 
calculation  will  give  the  exact  result. 

Su})pose,  for  instance,  that  a  standard  sidphuric  acid  is  prepared, 
which  does  not  rigidly  agree  with  the  normal  sodium  carbonate  (not 
at  all  an  uncommon  occurrence,  as  it  is  exceedingly  difficult  to  hit  the 
precise  point)  ;  in  order  to  find  out  the  exact  difference  it  must  be 
carefully  titrated  as  in  §  15.  Suppose  the  weight  of  sodium  carbonate 
to  be  1  '9  gm.,  it  is  then  dissolved  and  titrated  with  the  standard  acid, 
of  whicli  36*1  c.c.  are  required  to  roach  the  exact  neutral  |X)int. 

If  the  acid  were  rigidly  exact  it  should  require  35*85  ex.  ;  in  onler, 
therefore,  to  find  the  factor  necessary  to  bring  the  quantity  of  acid 
used  in  the  analysis  to  an  equivalent  cjiianfit^'  of  pormal  strength,  tlie 
*••*•*••"•    •  •  •  •  •     •        •  •  ••  ^  •      z 
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uuiMljer  of  c.e.  actually  iiaetl  must  Ihj  taken  aa  the  denominator,  and 
tin*  nunibcr  which  should  liavo  been  U}=»ed,  had  the  acid  becMi  strictly 
nnrinal,  aft  the  ninuemtor,  thus — 

^:?:^  =  0-993  : 
36:1  . 

0993  is  therefore  the  factor  by  which  it  is  necessary'  to  multiply  the. 
number  of  c.e.  of  that  '|)articulaT  acid  used  in  any  analysis  in  order  to 
retluce  it  to  nonnal  strength,  and  should  be  marked  upon  the  bottle  in 
which  it  is  kept. 

On  the  other  hand,  supjK>se  that  the  acid  is  too  strong,  an<l  that 
35-2  c.e.  were  required  instead  of  35*85, 

35-85 


35-2 


=  10184; 


1*0184  is  therefore  the  factor  by  which  it  is  necessary  to  multiply  th<^ 
number  of  e.c.  of  that  ]wirticular  acid  in  onler  to  bring  it  to  the  nonnal 
strength.  This  j»lan  is  nnich  better  than  dodging  about  with  additicma 
of  water  or  acid. 

Tender  all  cii-cumstiinces  it  is  siifer  to  jyrove  the  strength  of  any 
standanl  solution  by  experiment,  even  thougli  its  constituent  has  been 
accumtely  weighe^l  in  tlie  dry  and  pure  state. 

Further,  let  us  suj»p<)se  that  a  solution  of  caustic  soda  is  to  be  made 
fr<)m  carbonate  by  means  of  fresh  lime.  After  ix)uring  off  the  cleiir 
liquid,  wat<'r  is  a<lded  to  the  s<*diment  to  extract  mon'  alkaline 
solution  ;  by  this  means  we  may  obtain  two  solutions,  one  of  which  is 
stronger  than  necessary,  and  the  other  weaker.  Instead  of  mixiitg 
theui  in  various  pro|)ortions  and  repeateilly  trying  the  strength,  wo 
may  tind,  by  two  exj)eriments  and  a  calculation,  the  pro|)ortion8  of 
each  necessary  to  give  a  normal  solution,  thus  : — 

The  exact  actual  strength  of  each  solution  i«  first  found,  by  8ei)aratelj 
running  into  10  e.c.  of  nonnal  acid  as  much  of  each  alkaline  sohition 
as  will  exactly  neutnilize  it.  We  have,  then,  in  the  c^vse  of  the 
stronger  solutiiui,  a  number  of  c.e.  required  less  than  10.  I^et  us  call 
this  nuuiber  V. 

In  the  weaker  solution  the  number  ni  e.c.  is  greater  than  10, 
represente<l  by  r.  A  volume  of  the  stronger  solution  =  ar  will  saturate 
10  e.c.  of  normal  aei<l  as  often  as  V  is  contiiined  in  x.  J 

A  volume  of  the  weaker  solution  =  y  will,  in  like  manner,  saturate 

•^  c.e.   of   normal  acid  ;    Inith    together   satumte     ^v-  +   — -- 

and  the  volume  of  the  siiturated  acid  is  ])recisely  that  of  the   two 

liiiuids,  thus —  ,^  ,^ 

*        *  10  ;r    .    10  V         . 


Whence 


And  lastlv, 


10  t-  ;ir  +  10  V  y  =  \  r  j'-^Y  v  y 
r^(10-V)  =  Vy(r-10). 

^  ^  V  {('  +  10) 

y       '•  (10  -  V) 
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An  example  will  render  this  clear.  A  solution  of  caustic  so<la  was 
taken,  of  which  5*8  c.c.  were  required  to  saturate  10  c.c.  of  normal 
acid;  of  another  solution,  12*7  c.c.  were  required.  The  volumes  of 
each  necessary  to  form  a  normal  solution  were  found  tis  follows  : — 

5-8  (12-7- 10)  =  15-66 
12-7  (10   -5-8)  =  53-34 

Therefore,  if  the  solutions  are  mixed  in  the  proportion  of  15*66  c.c. 
of  the  stronger  with  53-34  c.c.  of  the  weiiker,  a  correct  solution  ought 
to  result.  The  same  princij)le  of  adjustment  is,  of  course,  ai)plicahle 
to  standard  solutions  of  everv  class. 

Again  :  suppose  that  a  standard  solution  of  sulphuric  acid  has  been 
made,  approxunating  as  nearly  as  possi})le  to  tlie  normal  strength,  and 
its  exact  value  found  by  titration  with  sodium  carbonate,  or  a  standard 
hydrochloric  acnd  with  silver  nitrate,  and  such  a  solution  has  been 
calculated  to  re(juire  the  coefficient  0-995  to  convert  it  to  normal 
strength, — by  the  hidp  of  this  solution,  though  not  strictly  normal,  we 
may  titrate  an  approximately  normal  alkalnu^  solution  thus  : — Two 
trials  of  the  acid  and  alkaline  solution  show  that  50  c.c  alkali  =  48-5 
c.c.  acid,  havnig  a  coefficient  of  0-995  =  48-25  c.c.  normal  ;  then, 
according  to  the  equation,  .r  50  =  48-25  is  the  recpiired  coefficient  for 
the  alkali. 

48-25 


50 


=  0-965. 


.Vnd  here,  in  the  wise  of  the  alkaline  solution  l)eing  sodium  carbonate, 
w(i  can  bring  it  to  exact  normal  strength  by  a  c^dculation  l)ased  on  the 
«»(puvalent  wc^iglit  of  the  salt,  thus — 

1   :  0-965  :  :  53  :  51145. 

The  difference  between  the  two  latt(;r  numbers  is  1-855  gm.,  and  this 
weight  of  i)ure  sodium  carbonate,  added  to  one  liter  of  the  solution, 
will  l)ring  it  to  normal  strength. 
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TABLE    FOR    THE    SYSTEMATIC    ANALYSIS    OP 
ALKALIES,  ALKALINE  EABTHS  AND  ACIDS. 


Subitonce. 

Formula. 

.     .            NajO 
.     .           NaHO 
.     .          Na^COa 
.     .         NaHCOa 

Atomic 
Weight. 

62 

40 

106 

84 

Quantity  to  be 
weighed  so  that  1 
c.c.  Normal  Solu- 
tion =1  percent, 
of  Burotancc. 

Normal 
Factor.* 

0  031 
0040 
0053 
0-084 

Sodium  Oxide  .     . 
Sodium  Hydroxide 
Sodium  Carbonate 
Sodium  Bicarbonate 

31  gm. 
40  gm. 
5'3  gm. 
8-4  gm. 

Potasi*ium  Oxido  . 
Potassium  Hydroxidi 
Potastiium  Carbonate 
Potassium  Bicarl)ona 

.     .             KjO 

L'    .            KHO 
KjCOa 

to  .              KUCO3 

04 

56 

138 

100 

4*7  gm. 

5*6  gm. 

6-9  gm. 

100  gm. 

0-047 
0056 
0-069 
0100 

Ammonia     .    .    . 
Ammonium  Carbona 

.     .             NHa 

te  .        {NU,hCi\ 

17 
96 

17  gm. 

4-8  gm. 

0017 
0-048 

Lime  (Calcium  Oxid 
Calcium  Hydroxide 
Calcium  Carbonate 

e)  .             CaO 
.     .           CoH«0.> 
.     .            CaCba 

5(J 

74 

100 

2-8  gm. 
3*7  gm. 
50  gm. 

0028 
0-037 
0-050 

Barium  Hydroxide 
Do.  (Crystal**)    . 
Barium  Carbonate 

.     .          BaHjOi 
.     .     BaO,H,(Il,0)« 
.     .           BaCO, 

171 
315 
197 

8'55  gm. 

15-75  gm. 

9-85  gm. 

00855 
0-1575 
O-0985 

Strontium  Oxide  . 
Strontium  Carbonate 

.     .             SrO 
SrCO, 

ia3-5 
147-5 

5175  gm. 
7-375  gm. 

005175 
007375 

Ma>(nesium  Oxide 
Magnesium  Carbonat 

.     .            MgO 

e   .           MgCo-j 

40 

84 

200  gm. 
4*20  gm. 

0020 
0*042 

Nitric  Acid .     .     . 
Hydrochloric  Acid 
*  Sulphuric  Acid     .     . 
Oxalic  Acid      .     . 
Acetic  Acid      .     . 
Tartaric  Acid   .     . 
Citric  Acid  .     .     . 
Carbonic  Acid  .     . 

.     .            HNO3 
HCl 
H.SO4 
.     CAH2(H20).> 
C2O2H4 
CAHe 
.     C.OyHs+HsO 
.    .             CO. 

63 

36-37 

98 
126 

60       ; 
150 
210 

44 

6-3  gm. 
3-637  gm. 
4-9  gm. 
6-3  gm. 
60  gm. 
7*6  gm. 
70  gm. 

O-063 

0-03637 

0049 

0063 

0060 

0075 

0070 

0022 

*  This  is  the  coefficient  by  which  the  number  of  c.c.  of  normal  solution  used  in  any 
anilysis  is  to  be  multiplied,  in  order  to  obtain  the  amount  of  pure  substance  present  in  the 
material  examined. 

If  grain  weights  are  used  instead  of  grams,  the  decimal  i>oint  must  be  moved  one  place  to 
the  right  to  give  the  neoesmxy  weight  for  examination  ;  thus  sodium  carbonate,  instead  of 
5'3  gm.,  would  be  53  groins,  the  normal  factor  in  this  case  would  also  be  altered  to  0*53. 
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THE    TITRATION    OF    ALKALINE    SALTS. 

1.     Total  Alkali  in  Caustic  Soda  or  Potash,  or  their 

Carbonates. 

§  17.  The  accessary  quantity  uf  Hul^staiuie  being  weighed  or 
measured,  as  the  (^ase  may  ]>e,  and.  mixed  with  distilled  water  to 
a  pro])cr  state  of  dihition  (say  about  one  \ntv  cent,  of  solid  material), 
an  appropriate  indicator  is  acUled,  an<l  the  solution  is  ready  for  the 
biirette.  Normal  acid  is  then  cautiously  adchid  till  the  chan*<(?  of 
colour  occur.  Jn  the  case  of  caustic  alkalies  free  from  CO2,  the  (Mid- 
reaction  is  very  sharp  with  any  of  the  indicators ;  but  if  C<  >o  is 
present,  the  only  available  indicators  in  the  <M»ld  are  methyl  oran^'c 
or  laomoid  imper.  If  the  other  indicators  arc  used,  the  CO,^  nnist  be 
lx)ile<l  ofl'  after  each  addition  of  acid. 

Fn  examining  (carbonates  of  potash  or  soda,  or  mixtures  of  caustic 
and  carbonates  where  it  is  oidy  nece^siiv  to  ascertain  the  total 
alkalinity,  the  sam«'  method  ai)i)lies. 

In  the  examinations  of  samples  of  commercial  refined  soda  or  poUish 
salts,  it  is  advisa])le  to  j  proceed  as  follows  :  — 

Powder  and  mix  the  sample  thorouj^lily,  weigh  10  gm.'iu'a  platinum  or 
porcelain  crucible,  and  ignite  gently  over  a  spirit  or  gas  lamp,  and  allow  the 
cnicible  to  cool  under  the  exsiccator.  Weigh  again,  the  lo<s  of  weight  gives  the 
moisture ;  wash  the  contents  of  the  crucible  into  a  beaker,  diswlve  and  filter  if 
necessary,  and  dilute  to  the  exact  measure  of  500  c.c.  with  distilled  water  ;  after 
mixing  it  thoroughly  take  out  50  c.c.  =  1  gm.  of  alkali  with  a  pipette,  and  empty 
it  into  a  small  flask,  bring  the  fLisk  under  a  burette  containing  normal  acid  and 
graduated  to  }  or  i*,t  c.c,  allow  the  acid  to  flow  cautiously  as  before  directed, 
until  the  neutral  point  is  reached  :  the  process  may  then'  be  repeated,  in  order 
to  be  certain  of  the  correctness  of  the  anal^'sis. 

Residual  Tithatiox  :  As  the  presence  of  cjirbonic  acid  with  litmus  and  the 
other  indicators,  except  methyl  orange,  always  tends  to  confuse  the  exact  end  of 
the  process,  the  difficulty  is  best  overcome,  in  the  case  of  notj  using  methyl 
orange,  by  allowing  an  excess  of  acid  to  flow  into  the  alkali,  boiling  to  expel  the 
CO2,  cool,  and  then  cautiously  add  normal  caustic  alkali,  drop  by  droj),  until  the 
liquid  suddenly  changes  colour;  by  deducting  the  quantity  of  caustic  alkali 
from  the  quantity  of  acid  originally  used,  the  exact  volume  of  acid  necessary  to 
saturate  the  1  gm.  of  alkali  is  ascertained. 

• 

Tliis  method  of  re-titration  gives  a  very  sliarp  end-reacti(;n,  as  there 
Ls  no  COo  present  to  interfere  with  the  delicacy  of  the  indicator.  It 
is  a  procedure  sometimes  necessary  in  other  cas(jvS,  owing  to  the  int^T- 
ference  of  impurities  dissipated  by  l>oiling,  e.fj.  H^S,  which  would 
otherwise  bleach  the  in<licator,  except  in  tlie  case  of  methyl  orange 
and  lacmoid  i>aper,  either  of  which  are  uidiU'erent  to  H.,8  in  the  coM. 
An  example  will  make  the  plan  clear  : 

Example  :  50  c.c.  of  the  solution  of  alkali  prepared  as  directed,  equal  toil  gm. 
of  the  sample,  is  put  into  a  flask,  and  20  c.c.  of  normal  acid  added ;  it  is  then 
boiled  and  shaken  till  all  CO2  is  expelled,  and  normal  caustic  alkali  added  till 
the  neutral  point  is  rejiched  ;  the  quantity  required  is  3'4  c.c,  which  deducted 
from  20  c.c.  of  acid  leaves  16'6  c.c.  The  following  calculation,  therefore,  gives 
the  percentage  of  real  alkali,  supposing  it  to  be  sodia :— 31  is  the  half  molecular 
weight  of  anhydrous  soda  (Na^O)  and  1  c.c.  of  the  acid  is  equal  to  0031  gm., 
therefore  16'6  c.c.  is  multiplied  by  0"031,  which  gives  0'ol46 ;  and  as  1  gm.  was 
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taken,  the  decimal  point  is  moved  two  places  to  the  right,  which  gives  51 '46  per 
cent,  of  real  alkali ;  if  calculated  as  cirbonate,  the  16'6  would  be  multiplied  by 
U053,  which  gives  08798  gni.  =  87'98  per  con*. 

Tlie  following  nieth(xls  of  aseortaiuiiig  the  proportions  of  niixi^d 
iUkalino,  hyilroxiilcM,  monocarbonatoB,  and  ])icarbonates  niiwt  not  be 
taken  a*»  ab'^olutely  correct,  but  are  correct  enough  for  teehnicnl 
purj)0ses  : — 

2.    Mixed  Caustic  and  Oarbonated  Alkaline  Salts. 

Tlie  alkaline  sivlts  of  eounnenie  consist  often  of  a  mixture  of  caustic 
and  carbonated  alkali.  If  it  be  desired  to  ascertain  the  proportion  in 
which  thes(i  mixtures  o(;cur,  the  total  alkaline  |>ower  of  a  weighed  or 
measured  ([uantity  of  substance  (not  exceeding  1  or  2  gm.)  is  asrcr- 
tiined  by  normal  arid  and  noted  ;  a  like  (juantity  is  then  dissolved  in 
about  150  c.e.  of  wattM*  in  a  200  c.c.  flask,  an<l  <'xactly  enough  solution 
of  hariinn  chloriib'  aiMed  to  remove  all  CO.,  from  the  alkali. 

Watson  Smith  has  shown  {J.  S,  C.  1.  i.  85)  that  whenever  an 
j^xeess  of  barium  chloride  is  used  in  this  precijutiition  so  as  to  form 
barium  hydmte,  there  is  an  invariable  loss  of  soda  :  exact  jirecipitation 
is  the  onlv  wav  to  secure  accuracv. 

ft  V 

The  flask  is  now  filled  up  to  the  200  c.c.  mark  with  distilled  water,  securely 
stoppered,  and  put  aside  to  settle.  When  the  supernatant  liquid  is  clear,  take 
out  50  c.c.  with  a  pi[>etto,  and  titrate  with  normal  hydrochloric  acid  to  the 
neutral  point.  TIk;  number  of  c.c.  multiplied  by  4  will  l)e  the  (juantity  of  acid 
required  for  the  caustic  alkali  in  the  original  weight  of  substance,  b»H*:uise  only 
one-fourth  was  taken  for  analysis.  The  difTerence  is  calculated  as  carbonate,  or 
the  precipitated  barium  carbonate  may  be  thrown  upon  a  dry  filter,  washed  well 
and  quickly  with  boiling  water,  and  titnited  with  normal  acid,  instead  of  the 
original  analysis  for  the  total  alkalinity  ;  or  both  plans  may  be  adopteil  as  a  check 
upon  each  other. 

The  principle  of  this  method  is,  tliat  when  barium  chloride  is  ad<led  to 
a  mixture  of  caustic  and  carbonated  alkali,  the  0(>,  of  the  latter  is  precipitated 
as  an  equivalent  of  barium  (sarbonate,  while  the  equivalent  proportion  of  caustic 
alkali  remains  in  solution  as  barium  hydroxide.  By  multiplying  the  number  of 
c.c.  of  acid  retjuire*!  to  saturate  this  free  alkali  with  the  roVir  atomic  weight  of 
caustic  potash  or  soda,  jiccording  to  the  alkali  present,  the  ([uantity  of  substAuco 
originally  present  in  this  state  will  be  a'scertaincii. 

^Vs  barium  hydroxitle  solution  absorbs  C()o  very  readilv  when 
exposed  to  the  atmosphere,  it  is  preferable  to  allow  the  precipitate  of 
barium  carbonate  to  settle  in  the  flask  as  here  described,  rather  tlian 
to  filter  the  solution,  esixjcially  also  as  the  filter  obstinately  retiiins 
some  barium  hvdroxidt*. 

A  very  slight  error,  liowever,  occurs  in  this  nu*thod,  in  consecpience 
of  the  volume  of  the  ])recipitate  being  included  in  tlie  liquid  in  the 
graduated  flask. 

Xorth  and  Lee  {J.  S,  C.  I.  xxi.  322)  have  carried  out  a  number 
of  experiuKJiits  on  the  titration  of  soda  ash  containing  hydroxide, 
monocarlx)nate,  and  bicarlmnate,  and  have  proved  that  good  results 
as  to  the  estimation  of  the  three  constituents  may  be  obtained.  The 
es.sential  thing  in  the  titration  is  that  the  burette  i>oint  must  l)e  in  the 
solution. 
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The  following  method  is  reeomineiidetl  for  the  analysis  of  scnla 
ash  : — 

5  ^m.  of  the  sample  is  dissolved  in  distilled  water,  and  made  np  to  250  c.o. 
and  60  c.c,  aft^r  adding  phenolphthalein,  titrated  with  ^Ji  acid  with  the  point 
of  the  burette  immersed  in  the  solution  ;  then  add  one  or  two  drops  of  methyl 
orange  and  continue  the  titration.  Should  the  amount  of  ^li  acid  be  greater 
with  phenolphthalein  than  \*ith  methyl  orange,  NaOH  is  shown  to  be  present, 
but  if  greater  with  methyl  orange,  then  bicarbonate  is  present,  and  calculations  for 
carbonate  and  hydrate,  or  carbonate  and  bicarbonate,  are  made  in  the  usual  way. 

The  end  jwint  of  the  reaction  with  phenolphtlialein  may  be  determined  very 
exactly,  when  the  colour  is  scarcely  visible  in  the  dish,  by  pouring  a  small 
quantity  of  the  liquid,  batweeu  each  addition  of  acid,  into  a  test  tube,  and 
comparing  this,  by  looking  through  the  depth  of  the  solution,  with  a  similar 
tube  of  liquid,  in  which  the  colour  is  known  to  be  absent. 

If  sodium  chloride  is  present  in  the  compound  when  titrated  b}'  sulphuric  acid 
it  would  be  reckoned  as  Na^O,  but  as  soda  ash  seldom  contains  more  than  a  trace 
of  salt,  this  slight  error  is  negligable. 

3.    Estimation  of  Sodium  or  Potassium  Hydroxides 
containing  small  proportions  of  Carbonate. 

This  may  be  accomplished  bv  means  of  pheuacetoliu  (Lunge, 
J.  S.  a  I.  i.  56). 

The  alkaline  solution  is  coloured  a  scarcely  perceptible  yellow  with  a  few 
drops  of  the  indicator.  The  standard  acid  is  then  rim  in  until  the  3'ellow  gives 
place  to  a  pale  rose  tint ;  at  this  point  all  the  caustic  alkali  is  saturated,  and  the 
volume  of  acid  used  is  noted,  t  urther  addition  of  acid  now  intensifies  this  red 
colour  until  the  carbonate  is  decomposed,  when  a  clear  golden  j'ellow  results. 
The  neutralization  of  the  NaHO  or  the  KHO  is  indicated  b}'  a  rose  tint 
permanent  on  standing;  that  of  Na^COj  or  K2CO3  by  the  sudden  passage 
from  red  to  yellow. 

Practice  is  required  with  solutions  of  known  comi)osition  to  accustom 
the  eye  to  the  chaugi^s  of  colour.  Pheuolplitlialeiu  may  also  be 
empL»yt*d  for  the  same  pm-pose  as  follows:  — 

Add  normal  acid  to  the  cold  alkaline  solution  till  the  red  colour  is  discharged, 
taking  care  to  use  a  very  dilute  solution,  and  keeping  the  point  of  the  burette  in 
the  liquid  so  tlmt  no  CO2  escapes.  The  period  at  which  the  colour  is  discharged 
occurs  when  all  the  hydrate  is  neutralized  and  the  carbonate  converted  into 
bicarbonate;  the  volume  of  acid  is  noted,  and  the  solution  heated  to  boiling, 
with  small  additions  of  acid,  till  the  red  colour  produced  by  the  decomposition  of 
the  bicarbonate  is  finally  destroyed. 

In  both  these  methods  it  is  prefemble,  after  the  tii*st  stage,  to  add 
excess  of  acid,  boil  off  the  CO.,,  and  titrate  back  AWth  normal  alkali. 
The  results  are  quite  as  accumti;  as  the  method  of  i)r(!cii)itation  with 
barium. 

4.     Estimation  of  small  quantities  of  Sodium 
or  Potassium  Hydroxides  in  presence  of  Carbonates. 

A  metho<l,  by  Thomson,  consists  in  precipitating  the  carbonates  by 
neutml  solution  of  barium  chloride  in  the  cold  :  the  Iwirium  carbonate 
being  neutml  to  i)henolphthalein,  this  indicator  can  be  used  for  tin* 
process.     When  the  l>arium  solution  is  added,  a  double  decomposition 
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occurs,  resulting  in  an  P(iuival(*nt  (iiuiiitity  of  scHliiiin  (»r  iK)tftS8iinn 
chlorido,  v:\n\v  the  barium  carlxmate  is  i)ii»cii)itateil,  and  tlie  alkaliiu^ 
liydmte  remains  in  solution. 

Example  (Thomson) :  2  jrm.  of  piirt^  »odimn  carbonate  wen*  mixed  in 
sohition  with  '02  gm.  of  Hodium  hydroxide ;  excess  of  barium  chloride  was  then 
added,  toj<ether  with  the  indicator,  and  the  sohition  titrated  with  ^/lo  acid,  of 
which  in  three  trials  an  averaj^  of  5  c.c.  was  required ;  therefore,  5  x  •004' 
=  02  j;m.  exactly  the  quantity  used. 

In  this  process  tlu*  presence  of  cldorides,  suljdiates,  and  sulphites 
d'M's  not  interfere  ;  neither  do  phosphates,  as  harium  phosphate  is 
ncutml  to  the  indicator.  AVith  sulphides,  half  of  the  l)ase  will  be 
estimated  ;  but  if  hydn)^eii  jK;roxide  be  added,  and  the  mixture 
allowed  to  rest  for  a  time,  the  suljihides  are  oxidized  to  sulphates, 
which  hfive  no  eflect.  If  silicati's  or  aluminates  of  alkali  are  present, 
the  base  will  of  course  Ik*  recorded  as  hydroxide. 

a. 

Thomson  further  stjites  : — 

**  The  foregouig  nu»tluMl  can  also  be  applied  to  the  determination  of 
the  liydmtes  of  sodium  or  potassium  in  various  other  comi)ounds, 
which  give  j»recipitati's  with  barium  chloride  neutml  to  phenolpb- 
thahMU,  such  as  the  normal  sulphit<'s  and  phosphates  of  the  alkali 
metals.  An  illustration  of  the  use  to  which  the  facts  have  In^en 
stated  in  this  and  former  ]>apers  may  be  j)ut  will  be  found  in  tlu^ 
analysis  of  sodium  sulphitt*.  Of  course  suljdiate,  thiosulphate,  and 
chloride  are  determined  asusiml,  but  to  estimate  sulphite,  carlK>nate 
and  hvdrate,  or  sodium  bicarbonate  by  methods  in  ordinary  use  is 
rath<*r  a  tedious  oj>eration.  To  find  the  pr<»iH»rtion  of  hydroxide,  all 
that  is  necessary  is  to  precii)itat<»  with  liarium  chloride  and  titrate 
with  stiindard  a(;id,  as  above  described.  Then,  by  simple  titration  of 
another  portion  of  the  sample  in  the  cold,  using  jdienolphthalein  as 
indicator,  the  hydroxide  and  half  of  the  carlK>nate  can  Ik*  found,  and 
finally,  by  employment  of  methyl  orangi*  as  indicator,  and  further 
addition  of  acid,  the  other  half  of  the  carbonate  and  half  of  tlu* 
sidphite  can  be  estimated.  Hy  simple  calculations,  the  respective 
proportions  of  these  three  compounds  can  be  obtained,  a  i-esult  which 
can  be  accomplished  in  a  few  minutes.  It  must  ])e  borne  in  mind 
tliat  if  a  large  (piantity  of  sodium  carbonate  is  in  the  sample  the 
pro|K»rtion  of  that  compound  found  will  oidy  be  an  approximation 
to  the  truth,  as  the  end-reaction  is  only  deliciite  with  small  pro|M>rtions 
of  sodium  carbonate. 

6.    Estimation  of  Alkalies  in  the  presence  of  Sulphites. 

It  is  not  jKissible  to  estimate  the  alkaline  comi>ounds  in  the  presence 
of  sidphites  by  titration  with  acids,  as  a  certain  (quantity  of  acid  is 
taken  up  ])y  the  sulphite,  SOg  being  evolved.  This  difficulty  may  be 
comi)letely  overcome  by  the  aid  of  hydrogen  peroxide,  which  sjK'edily 
converts  the  sul|)hites  into  sulphaU's  ((Irant  and  Cohen,  J.  aS'.  C.  I. 
ix.  19).  These  (Operators  proved  that  neither  caustic  ov  carbonatii 
alkali  were  affected  by  H^O.^,  n(>r  bad  the  latter  any  prejudicial 
eliect  on  methyl  omnge  in  the  cold.     The  quantity  of  H^O^  required 
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in  any  given  analysis  must  depend  on  the  amount  of  sulphite  present ; 
for  instance,  tlie  caustic  salts  of  commerce  contain  about  50°/,  of 
sulphite,  and  it  suiHces  to  take  10  c.c.  of  ordinary  10  voL  H^U^j  for 
every  0*1  gm.  of  the  salts  in  solution.  In  the  case  of  mixtures 
<^ontaining  less  or  more  sulphite  the  (piantity  may  he  varied. 

Method  of  Procedube  :  A  measured  volume  of  the  peroxide  is  run  into 
a  beaker,  and  three  or  four  drops  of  methyl  orange  added.  As  the  HjOj  is 
iiivarial)ly  faintly  acid,  the  acidity  is  carefully  corrected  by  adding  drop  by 
drop  from  a  pii)ette  "^/ico  caustic  soda.  The  required  quantity  of  salt  to  be 
analyzed  is  then  added  in  solution,  and  the  mixture  gently  boiled,  during  the 
boiling  the  methyl  oranj,^  will  be  bleached.  The  liquid  is  then  cooled,  a  drop 
or  two  more  of  methyl  orange  added,  and  the  titration  for  the  proportion  of 
iilkali  carried  out  with  normal  acid.     The  results  are  very  satisfactory'. 

6.     Estimation  of  Caustic  Soda  or  Potash  by  standard 

Potassium  Bichromate. 

This  process  was  devise<l  hy  Kichter,  or  rather  the  inverse  of  it, 
for  estimating  Im^hromate  with  caustic  alkali  hy  the  aid  of  pheuolph- 
thalein.  Exact  residts  uiav  he  obtiune<l  hv  it  in  titratin*'  so<la  or 
potash  as  hydrates,  hut  not  ammonia  as  recommende<l  hy  Kichter. 

For  the  process  there  are  required  a  decinorraal  solution  of  bichrom;\t(^ 
cant.ainin>:  1474  ^m.  pi*r  lit<?r,  and  "^/lo  soda  or  potash  solution  titrated  aj^^aiust 
sulphuric  acid.  A  0Dini»arison  liquid  containing'  about  1  ^m.  of  potassium 
chromate  in  150  —  200  c.c.  water  is  advisible  for  ascertaining  the  exact  end  of 
the  reaction  ;  50  c.c.  of  the  alkali  being  diluted  with  the  same  volume  of  water, 
is  coloured  with  pheuolphthalein,  and  the  bichromate  run  in  from  a  burette  ;  the 
fine  red  tint  cliaui^es  to  reddi.sh  yellow,  which  remains  till  the  neutral  point  is 
nearly  reached,  when  the  yellow  colour  of  the  chromate  is  producer! ;  the  chaui^e 
is  not  instantaneous  as  with  mineral  Jicids,  so  that  a  little  time  must  bo  allowed 
for  the  true  colour  to  declare  itself. 

7.     Mixed  Sodium  and  Potassium  Hydroxides. 

This  method  depends  upon  tlu»  fact,  tlmt  potassium  hitartrat*^  is 
almost  iustduhle  in  a  .solution  of  so<lium  hitartrate. 

Add  to  the  solution  containing  the  mixed  salts  a  standard  solution  of  tartaric 
acid  till  neutral  or  faintly  acid — this  protluce^^  neutral  tartrates  of  the  alkalies  — 
now  add  the  same  volume  of  standard  tartaric  acid  as  before — they  are  now  acid 
tartrates,  and  the  potassium  bitartrate  separates  almost  completely,  filter  off  the 
sodium  bitartrate  and  titrate  the  filtrate  with  normal  caustic  soda ;  the  quantity 
re4]uired  equals  the  soda  ori^nally  in  the  mixture  -the  quantity  of  tartaric  acid 
retjuired  to  form  bitartnite  with  the  soda  subtnicted  from  the  total  quantity' 
added  to  the  mixture  of  the  two  alkalies,  ^ives  the  quantity  required  to  form 
l)ota.ssium  bitartrate,  and  thus  the  quantity  of  potash  is  found. 

This  process  is  only  applicable  for  technical  purposes. 

Mixtures  of  potash  and  soda  in  the  form  of  neutral  chlorides  are  estimated  by 
J.  T.  White  as  follows  (C.  N.  Ivii.  214) : — 20  c.c.  of  the  solution  containing 
about  0*2  p:m.  of  the  mixed  salts  are  placed  into  a  100  c.c.  flask,  and  5  c.c.  of  a  hot 
saturated  solution  of  ammonium  carbonate  added ;  the  mixture  is  cooled,  and 
alcohol  added  in  small  quantities,  with  shaking,  until  the  measure  is  made  up  to 
100  c.c.  After  three  or  four  hours,  10  c.c.  of  the  clear  liquid  are  removed  ^vith 
a  pipette,  evaporated  and  ignited,  the  residue  is  moistened  with  a  few  drops  of 
ammonium  chloride  solution  and  again  ignited ;  the  sodium  chloride  so  obtained 
is  then  titrated  with  standard  silver  solution,  1  c.c.  of  which  represents  O'OOl  gm. 
CI ;  this  is  calculated  to  NaCl  and  the  KCl  found  by  difference. 
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8.    PotaMdum  Salts  as  Platinio*ohloride. 

Ill  aises  where  potansium  exists  in  combination  as  a  neutral  salt,  sucli 
as  kainit  or  kieserit,  ete.,  or  as  a  constituent  of  minerals,  it  lias  to  be 
first  soi>arate<l  as  double  chloride  of  jiotassium  and  platinum.  The 
method  usually  adopted  is  that  of  collecting  the  doul)le  salt  u|K)n 
a  tared  filter,  when  the  weight  of  the  dry  double  salt  is  obtained,  the 
weight  of  }>otash  is  ascertained  ]»y  calculation. 

It  may,  however,  be  arrived  at  by  volumetric  means  tis  follows  : — 

The  p)tas8ium  salt  liaviii^^  been  can  verted  into  double  chloride  in  the  usual 
way  is  dried,  collected,  and  mixed  with  about  double  its  wei^'ht  of  pure  sodium 
oxalate,  and  >;ently  !«melte<l  in  a  platinum  crucible  ;  this  oi)eration  results  in  the 
production  of  metallic  platinum,  chlorides  of  sodium  and  potassium,  with  some 
sodium  carl)onate.  Tbo  quantity  of  potassium  salt  present  is,  bowever,  solely 
measured  by  the  chlorine  ;  in  order  to  arrive  at  this,  the  fused  mass  is  lixiviate<l 
with  water,  filtered,  nearly  neutralized  with  ac^»tic  acid,  and  the  chlorine  estimated 
with  ^/lo  silver  and  cbromate,  the  number  of  c.c.  of  silver  ro(pured  is  multiplied 
by  the  factor  0*(X)157,  which  ^ives  at  once  the  weij^ht  of  K2(.).  This  factor  is 
used  because  1  molecuk'  of  double  chloride  contains  3  atoms  chlorine,  Iumicc  the 
<|uantity  of  ''^/lo  silver  used  is  tliree  times  as  much  as  in  the  case  of  sodium  or 
pot«issiuin  chloride. 

L.  de  Koninck  {Chem.  Zmf.  xix.  301)  has  improved  this  process  materially 
by  the  use  of  formic  a<'i<l  as  a  nHlucin^^  a^ent.  The  cbloroplatinate  is  filtered 
and  wasbed  in  the  usiml  way,  disscilved  in  boiling  water  and  decx)m]K)sed  by 
«\alcium  formate  free  from  CI.  The  liquid  is  heate<l  until  the  platinum  is  fully 
separated  and  the  solution  colourless ;  it  is  neutralized  with  a  small  quantity  of 
pure  calcium  carljonate,  filtered,  wasbe<l,and  the  chlorine  determined  by  titration 
with  ^/lo  silver  sfdution  and  cbromate*. 

9.     Direct  Estimation  of  Sodium  by  Potassium 
dihydroxytartrate  and  Permanganate. 

An  interesting  series  of  researdu's  on  the  oxidation  products  of 
tartaric  acid  have  Im'cu  publisluMl  bv  If.  d.  Horstman  Fc'uton,  M.A. 
(/.  (*.  S.  TrufiK^  1894,  i)p.  899  -910,  1898,  pp.  71  -  81,  ifmf,  472  - 
482,  autl  on  the  volumetric  estimation  of  soilium  1898,  pp.  167-  174). 
The  results  of  these  researches  have  been  to  develop  the  only  metlunl 
of  obtaining  s<wlium  in  such  a  form  of  combination  as  to  admit  of  its 
vohunetric  estiumtion.  The  author  has  kindly  furnished  me  with 
sp<Min)(Mis  nf  dihydroxyt4irtari(;  aciil,  and  also  tlu;  potjissium  salt  with 
which  to  verify  the  results  obtained  by  him,  and  1  am  able  to  «tute 
tliat  when  the  methcHl  is  carried  out  with  extreme  care  and  strict 
attention  to  details,  it  is  culpable  of  K^^'i^^K  HatLsfactory  results. 

Dihydroxytartaric  acid,  so  far  as  present  knowledge  is  concerned,  is 
iMist  pre|)ared  froiu  dihydroxymaleic  acid,  and  an  1x)th  these  acids  are 
comimratively  imknown,  their  pre[>aration  will  now  be  descrilx»d. 

Preparation  of  Dihydroxymaleic  Acid.— Tartaric  acid  is  dissolved 

in  the  least  poRsible  quantity  of  hot  water  ;  finely-divided  iron  {ferrum  redactum) 
is  added,  and  the  liquid  boiled  until  all  the  iron  lias  disappeared.  The  quantity 
of  iron  must  be  insufficient  to  cause  a  separation  of  ferrous  tartrate  w-hen  the 
a<.*tion  is  finislied  ;  about  5J5  part  of  the  wei^'ht  of  tartaric  acid  em])loyed  answers 
well,  but  the  final  result  doep  not  appear  to  be  much  influenced  by  the  proport  ion 
of  iron  in  solution,  at  any  late,  withm  considerable  limits.  The  solution,  filtered, 
if  necessary,  throui^b  ootton  wool,  is  carefully  cooled,  surrounded  by  ice,  and 
hydroj?en  peroxide  (20  volume)  added  in  small  quantities  at  a  time,  allowing 
a  few  minutes  to  elapse  between  each  addition.    The  first  portions  of  the  peroxide 
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merely  produce  a  yellowish  colour,  but,  as  the  action  proceeds,  each  addition 
produces  a  dark  green  or  nearly  black  appearance,  transient  at  first,  but  becoming 
more  and  more  persistent.  >Vhen  this  dark  coloiu*  remains  for  two  or  three 
minutes,  it  is  a  rough  guide  that  sufficient  i)eroxide  has  been  added.  Great  care 
must  be  taken  not  to  add  an  excess  of  the  peroxide,  or  the  whole  of  the  material 
will  be  wasted.  Nordhausen  sulphuric  acid  is  now  added  by  means  of  a  thistle 
funnel,  drawn  out  to  a  fine  point,  in  very  small  quantities  at  a  time,  cooling 
carefully  between  each  addition,  preferably  by  ice  and  salt.  The  quantitj'  added 
is  a  matter  of  im|)ortance,  too  much  or  too  little  giving  an  indifferent  jield  of 
the  substance ;  the  best  proportion  is  found  by  experience  to  be  about  iV^^^  of 
the  total  volume  of  the  liquid  operated  on.  The  mixture,  still  surroimded  by 
ice,  is  put  aside  in  a  cold  place,  and  after  a  few  hours  cr>'stals  begin  to  form ;  the 
first  deposit  is  often  discoloured,  and  the  cr^'stals  small,  but  the  subsequent  crops 
are  beautifully  white  and  pure.  If  the  experiment  is  properlj'  conducted,  and 
the  liquid  kept  sufficiently  cool,  crystals  continue  to  form  for  several  daj's,  but 
the  greater  part  is  deposited  \inthin  about  24  hours. 

The  crj'stals  are  collected  with  the  aid  of  a  pump,  carefully  drained,  and 
A^Tished  repeatedly  with  small  quantities  of  cold  water.  After  again  thoroughly 
draining,  they  are  spread  on  filter-paixjr  and  air-dried.  They  appear  to  undergo 
no  change  in  the  air,  even  after  several  weeks'  exposure. 

Freparation  of  Dihydroxytartaric  Acid.— Crystallized  dihydroxy- 
maleic  acid  as  .above  described  (C4H406,2HoO)  is  well  triturated  with  from  4  to 
5  times  its  weiglit  of  glacial  acetic  acid ;  and  rather  more  than  the  calculated 
quantity  of  bromine,  dissolved  in  a  little  glacial  acetic  acid,  is  added  to  the 
mixture  in  small  portions  at  a  time.  The  first  i>ortions  are  almost  instantly 
bleached,  but  the  action  afterwards  becomes  more  sluggish  and  apparently  ceases 
— a  few  drops  of  water  are  then  added,  whereupon  the  colour  of  the  bromine  is 
again  immediatel}'  discharged.  The  addition  of  bromine  is  continued  until  the 
colour  is  quite  permanent  on  standing,  even  when  a  drop  or  two  of  water  is 
added.  This  final  stage  is  reached  when  the  bromine  has  been  added  in  about 
the  calculated  proportion  (1  mol.  acid  to  1  mol.  bromine) ;  fumes  of  hydrogen 
bromide  are  freely  evolved  during  the  operation.  The  dihydroxymaleic  acid  is 
nearly  insoluble  in  cold  glacial  acetic  acid,  but  when  the  oxidation  is  finished 
complete  solution  takes  place.  The  solution  is  allowed  to  stand  for  an  hour  or  two, 
and  then  vigorously  stirred,  when  the  dihydrox^iartaric  acid  quickly,  sometimes 
suddenly,  separates  as  a  heavy,  white,  crystalline  powder. 

The  product  is  now  collected  and  drained  with  the  aid  of  the  pump,  washed 
once  or  twice  with  small  quantities  of  anhydrous  ether,  and  kei)t  in  a  vacuum 
desiccator  over  solid  potash  and  sulphuric  .icid  to  remove  the  last  traces  of 
hydrobromic  and  acetic  acids,  bromine  and  ether.  The  yield  of  purified  product 
thus  obtained  is  70  per  cent,  or  more  of  the  theoretical.  The  formula  for  this 
acid  is  C4H6O8. 

The  acid  just  desciibeil  was  first  studied  in  relation  tc>  potassium 
permanganate  l>y  Fenton,  and  the  reaction  found  to  be  quite  definite, 
and  l>earin<^'  in  mind  the  very  sparin^dy  solulde  character  of  sodium 
dihydroxytiirtrate  it  ai)i)eared  i)robable  that  a  simple  volumetric  method 
for  sodium  might  l)e  devised.  For  complete  precipitation  it  is  necessary 
that  tli(»  free  acid  shall  he  exactly  neutralized,  and  this  is  most  con- 
veniently  efiected  l)y  first  prei)aring  the  normal  i)otavSsiuni  salt.  The 
employment  of  tliis  salt  as  precipitant  ha^;?  also  the  advantage  that  risk 
is  avoided  of  the  i>recipitation  of  potassium  with  the  sodium  salt  when 
the  former  metal  is  ])resent  in  the  mixture  analyzed. 

Preparation  of  Fotassiiim  Dihydroxytartrate.—AVeigh  equiva- 
lent proportions  of  the  acid  182,  and  dry  potassium  carbonate  138  parts.  Dissolve 
separately  in  the  least  possible  quantity  of  ice  cold  water,  then  mix  in  a  vessel 
surrounded  by  ice  and  stir.  Crystals  soon  separate,  which  ma}'  then  be  collected 
on  a  filter,  and  finally  dried  on  changes  of  filter-paper  in  the  air  or  in  a  desiccator. 
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The  salt  so  obtained  does  not,  however,  keep  in  proper  condition  for  more  tlian 
a  few  days,  and  therefore  it  is  better  to  prepart^  it  specially  when  sodium 
estimations  have  to  l>e  made.      The  formula  of  the  salt  is  K2(C4H40h)1I20. 

Standardizing  the  Permanganate  Solution.— In  this  method  of 

titrating  soda  it  is  ])referable  to  standardize  the  i)ermanj,'anato  u]K)n  i)ure 
sodium  chloride  rather  tlian  to  depend  on  the  relations  l)etween  the  acid  and 
permanganate.  The  strength  of  the  latter  solution  is  best  about  ^la,  i.e.,  6"312 
gm.  of  MnK04  to  the  liter.  Its  strength  as  regards  the  sodium  to  l>e  estimated 
is  ascertained  by  the  following  procedure,  be.aring  in  mind  that  exactly  the 
same  proc?ss  in  every  respect  must  l)e  carried  out  in  €>stimating  sodium  in  any 
given  salt. 

Method  of  Phockduke  :  AlK>ut  0*2  gm.  of  pure  sodium  chloride  is  accu- 
rately weighed  and  dissolved  in  a  small  beaker  with  the  least  possible  quantity  of 
water,  then  placed  in  a  Ixasin  and  surrounded  by  ice.  Then  an  excess,  say  O'H 
gm.  of  the  potassium  salt  is  weighed  and  dissolved  in  another  small  Ijeaker,  with 
not  more  than  25  c.c.  of  ice  cold  water,  placed  in  ice  and  stirred  till  dissolved  ; 
this  occurs  with  some  ditliculty,  but  if  the  li(]uid  is  not  free  from  floating 
l«irticles  or  deposit,  it  must  be  quickly  filtered  into  the  sodium  solution  still 
standing  in  ice.  The  mixture  is  then  allowed  to  stand  in  ice  for  half  an  hour 
with  occasional  stirring.  The  precipitated  sodium  salt  is  then  collected  by  moans 
of  a  small  filter  on  filter  plate  and  (luickly  drained  with  the  water  pump,  then 
washed  with  3  or  4  c.c.  of  ice  cold  water  three  or  four  times  in  succession,  and 
rinsing  out  the  precipitating  Iwaker.  Finally,  the  precipitate  is  dissolved  through 
the  filter  in  a  large  excess  of  dilute  H2SO4,  rinsing  out  the  precipitating  beaker 
with  dilute  acid  in  the  process,  and  titrated  with  the  piTmanganate  at  ordinary 
temperature.  The  action  on  the  permanganate  is  at  first  very  slow,  but  when 
once  commenced  grows  in  force  similar  to  the  action  of  oxalic  acid,  and  the  end 
is  quite  distinct.  The  volume  of  perm«anganate  having  l)een  noted,  its  working 
strength  in  relation  to  sodium  in  any  available  comi)ound  is  ascertained,  and 
marked  on  the  bottle. 

Example  :  0'21  gm.  of  pure  NaCl  was  treated  strictly  according  to  the 
procedure  just  describ«'d,  and  recpiired  48'3  c.c.  of  permanganate,  not  strictly' 
^/5,  but  about  that  strength.  The  same  weight  of  the  same  NaCl  was  then 
taken  with  about  the  same  quantity  of  pur<?  KCI  in  the  same  manner.  The 
volume  of  permanganate  usihI  utis  48*9  c.c.  Taking  iu^  account  the  large  volume 
of  permanganate  required  for  j*o  small  a  (piautity  ofnlndium  the  difference  was 
infinitesimal  as  regards  the  amount  of  sodium  found.  Practice  undoubtedly 
renders  the  results  more  secure  if  exactly  the  same  conditions  are  observed,  more 
esi)ecially  in  keeping  the  temperature  down  to  as  near  0^  as  possible. 

The  procesH  .seems  (Mnuplicate^l,  Init  when  once  the  cooling  armnge- 
ments  an^  stitisfactorily  made  it  l)ec'omes  very  simple,  anil  if  there  are 
a  series  of  sodium  estimations  to  he  made  such  as  the  alkaline  chlorides 
in  minenil  water  residues,  etc.,  is  far  more  rapid,  and  ])r(>l>al>ly  more 
exact  than  the  estimation  of  the  poUissium  hy  jdatinum,  and  calculating 
the  8o<lium  l>v  difference. 

It  must  be  noted  that  the  metlnMl  is  not  available,  so  far  as  is 
known,  in  tln^  presence  of  mettils  other  than  simHuui,  potiis.sium,  and 
magnesium.  Ammonium  shouhl  ]»e  removed,  and  borax  cannot  accu- 
rately ^Hi  examined  for  its  sodium.  The  metals  shouhl  nrefembly  be 
present  as  chlorith»s,  suljdiates,  or  nitrates  ;  carlnjuates  and  hydroxides 
of  sodium  must  Ix*  neutmlized  exactly  with  one  of  the  mineml  acids. 

10.    Estimation  of  Potassium  by  Sodium  Cobalti-nitrite 

and  Permanganate. 

The  value  of  sorlium  cobalti-nitrite  as  a  <[ualitative  test  for  poUissium 
salts  has  been  well  known  as  <le  Koningli's  n^agent,  but  its  use  as 
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a  quantitative  reagent  has  ]>een  recently  investigated  by  R.  H.  Adie 
and  T.  B.  Wood,  who  have  deijcribed  their  satisfactory  experiments 
in  the  process  both  gravimetric  and  volumetric  (/.  C,  S.  Ixxvii.  1076). 
Tlie  gravimetric  process  need  not  be  described  here,  but  the  results 
are  satisfactory,  and  the  volumetric  also. 

The  method  is  l>ased  on  the  fact  that  potassium  may  be  combined 
in  an  insoluble  form  as  cobalti-nitrite  of  sodium  and  potassiimi, 
K2NaOo(N02)6H2^^  and  the  amount  of  KgO  is  found  by  using 
standanl  j)otassium  permanganate  as  an  oxidizing  agent,  1  <!.c.  of 
strictly  ^/jq  permanganate  being  equal  to  0*0007833  gm.  of  K^O. 

My  opinion  is  that  the  value  of  the  permanganate  used  in  titration 
as  regards  K2()  is  to  titrate  the  precipitate  of  a  known  quantity  of 
jmre  KCl  and  not  to  dei>end  ujmn  any  theoretical  number. 

Tlie  reagent  used  for  precipitating  the  potash  is  sodium  col)alti- 
nitriti*  and  is  prepared  as  follows  : — 220  gm.  of  sodium  nitrite  are 
dissolved  in  400  c.c.  of  water,  113  gm.  of  eolmlt  acetate  are  dissolved 
in  300  c.c.  of  water  and  100  c.c.  of  glacial  acetic  acid  added.  The 
two  solutions  are  mixed  and  gently  warmed,  NOg  is  evolved  and  the 
solution  l)ecomes  dark -coloured.  The  ^O.)  is  best  evacuatwl  from  the 
l)ottle  by  a  water-i)umi)  and  the  liquid  is  left  over-night,  during  which 
a  yellow  precipitate  settles.  The  solution  is  then  filtered  clear  and 
diluted  with  water  to  a  liter. 

The  amount  of  Kg^  >  taken  for  titration  must  not  lie  too  large.  The 
l)roportions  given  by  the  authors  for  high  grade  commercial  potassium 
chloride  or  sulphate  is  to  dissolve  10  gm.  in  a  liter  of  water  and  use 
10  c.c.  for  precipitation.  For  commercial  kainite  40  gm.  in  a  liter 
and  10  c.c.  for  precipitation.  In  general  use  tlie  potash  solution  should 
l»e  eitlier  concentrated  or  diluted,  so  that  it  contains  from  0'5  to  1  per 
cent,  of  K2(').     This  is  very  important. 

Method  of  Pbocedure:  To  10  c.c.  of  potash  solution  add  10  c.c.  of  the 
cobalt  reagent  and  about  1  c.c.  of  strong  acetic  acid  (about  95*^/').  The  precipitate 
settles  readily,  but  it  is  best  to  defer  tlie  filtration  for  a  few  hours  or  overnight. 
It  is  then  filtered  off  on  a  Gooch  asbestos  filter  and  washed  with  solution  of 
acetic  acid  of  10  i>er  cent,  strength  by  volume,  until  the  filtrate  is  colourless, 
finally  washed  once  with  water.  Filtering  through  paper  must  not  be  done,  as 
it  interferes  with  the  perman^nate  titration. 

The  asbestos  and  precipitate  are  blown  and  washed  out  into  a  beaker  and  2  or 
3  c.c.  of  10  °/q  caustic  soda  solution  added,  then  boiled  for  about  ten  minutes. 
Tlie  asbestos  and  precipitate  of  cobalt  hydroxide  are  then  filtered  off  with  repeated 
small  quantities  of  water,  and  the  filtrate  made  up  to  100  c.c.  20  c.c.  are  taken 
for  titration  with  ^/lo  permanganate  by  first  acidifying  with  dilut  sulphuric 
acid,  and  running  in  the  pennangauate  till  the  colour  is  perm.anent.  This  will 
not  give  correct  results,  owing  to  the  possible  liberation  of  some  nitrogen  oxides 
by  the  acid,  but  is  used  as  a  guide  as  to  the  probable  amount  of  pennanganate 
necessary.  A  s:;cond  20  c.c.  is  then  taken  without  acid  and  the  amount  of 
permanganate  before  used  at  once  added,  then  slowly  acidified  until  the  colour 
disappears;  the  permanganate  is  then  added  drop  by  drop, until  the  colour  holds 
for  a  minute,  in  which  case  the  process  may  be  considered  finished. 

It  is  well  to  repeat  in  order  to  obtain  the  best  results. 

^ly  exj)erience  of  the  method  is  that  with  careful  management  good 
resiUts  may  be  obtained.  One  of  the  difficulties  found  by  me  at  first 
Avas  that,  owing  to  the  finely  divided  nature  of  the  precipitate  it  is 
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(lifliciilt  to  get  a  tliuroiij^hly  ck'ar  Hltmto;  \vht»u  washed  with  thi^ 
dilute  acetic  acid  or  water,  some  of  the  precipitates  is  aj)t  to  wasli 
throii«^h  unless  a  very  close  filter  is  iise<l,  hut  the  cause  of  this  was 
found  to  he  using  a  too  dilute  solution  of  the  potassium  salt. 

As  <^\anii»le8  of  the  accuracy  of  the  method  the  following  analyses 
are  given  hy  the  auth(>rs 

(1)  Kainite  :  I.  II.  Mean. 

K^O  percent l'J-22  11*94  1213 

Bv  [datinic-chloride  metho<l  : 

K2< )  per  cent 1 1  98  1 2'07  1 203 

(II)  Commercial  iK)tassium  suli>hate  : 

KjjC )  per  cent 50*05  50*82  50*44 

hy  i)latinic-i'hlori<le  nu'tluMl : 

K./)  i)er  cent 50*80 

For  soils,  the  authors  have  found  the  foUowing  metlKxl  to  give  very 
satisfactory  rcvsults.  The  soil  is  extractinl  ])y  heating  10  grams  in 
a  loosely  stoi»i)ered  riena  glass  flask  with  20 — 30  c.c.  of  strong  hydro- 
chloric aci<l  for  4H  hours.  The  solution  is  then  freed  from  all  Imses 
which  might  interfere  with  the  method,  hy  lK>iling  with  excess  of 
sodium  carl)onate.  The  precij)iUite<l  luises  are  filtered  off,  and  the 
soluti(ai  concentmted,  after  additi(ui  of  acetic  acid,  to  10  c.c,  or  to 
a  volume  which  gives  the  concentmtion  of  jnitash  recommended  ahove. 
Ten  c.c.  of  the  s<Hlium  coUilti-nitrite  reagent  are  nowaddexl,  with  more 
ac«»tic  acid  if  necessary,  an<l  the  pnM'ipitate  allowed  t<»  settle.  The 
volumetric  estimation  is  now  earned  out  as  hefore. 

The  following  results  have  lieen  o]»tained  hv  various  extractions  of 

the  same  peaty  soil  under  difl'erent  conditions.      The  solution  from 

each    extracti(»n    was   <livide<l    into    alicpiot   i>artH,    and   com))arativc 

estimations  of  the  potash  made  hy  the  cohalti-nitrite  volumetric  and 

hy  the  j)latinic-chlori<le  gmvinu'tric  methods  : 

KjO  j)er  cent. 
Peaty  Soil :  L         II.       III.       IV.     Mean. 

IJy    co]>alti-nitrite     volumetric  )     ^.^^      ,.2^      ^.q^      ^.q^^      |.|q 

methfxl   ) 

By    i.latini(-chl<.ri.li-    gmvim.-  .    j.jj      j.^g     ^.g^^     q.q^     ,.(,„ 

trie  metlKMi    i 

These  result^s  show  that  the  method  is  rehahle,  and  is  esjiecially 
useful  where  a  numher  of  determinations  have  to  he  made  at  one 
time. 

Another  method  which  is  adopted  in  the  lalxiratory  of  the  Ecole 
Xationale  de.s  Mines  under  the  direction  of  A.  Carnot,  and  is  ]>ased 
(»n  the  formation  of  the  douhle  thiosulphate  of  hismuth  and  potassium 
and  its  e.stimation  hy  iodine.  Among  the  drawliacks  of  tlie  method 
an»  the  highly  concentmted  solution  of  the  jyotash  re(piired  and  the 
large  amount  of  ]»ure  alcohol  necessary  to  he  U8e<l.  The  end-j»oint  is 
also  somewhat  ditKcult  to  distinguish,  and  again,  care  is  necessary  to 
j)ro<*ure  pure  and  fresli  calcium  tliiosulphate. 

The  necessary  reagents  arc  as  follows  ; — 

Bismuth  chloride  solution. — 100  gm.   of   Insmuth   suhnitrate  ai*e 
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"tliftsolved  ])y  exactly  tlie  necessary  amount  of  liydrochloric  acid,  and 
made  up  to  1  liter  with  95  per-cent.  alcohol.  If  any  turbidity  ensues 
— due  to  the  pr(?cii>itation  of  a  sub-salt — it  should  l>e  redissolve<l  by 
ix  few  drops  of  hydrocldoric  acid. 

Calcimn  thiosulphate  solution. — Tliis  should  contain  200  gin.  of  the 
pure  crysttillized  salt  jier  liter.  The  thiosulphate  must  be  freslily 
l»repar(Ml,  exhibit  no  tinge  of  yellow,  and  ])e  proj)erly  crystallized. 

The  calcium  thiosulphate  may  be  prejiared  by  decomposing  a  hot 
<'oncentrat<Hl  solution  of  pure  calcium  chloride  by  pun*,  sodium  thio- 
sulphate. The  liquid  as  it  cools  deposits  a  large  quantity  of  sodium 
<*hloride,  and  if  it  be  then  further  concentrated  by  evaporation  at 
n  tempemture  below  50^  C,  the  rcMuaining  sodiinu  chloride  will 
sei)arate  completely,  and  on  cooling  the  solution  to  30^  C.  it  will 
yield  pure  crystals  of  calcium  thiosulphate. 

Iodine  solution. — A  standard  solution  continuing  26*96  gni.  of  pure 
iodine  dissolved  by  the  aid  of  about  40  gm.  of  pure  i)otassium  iodide. 

Soilium  thiosuljihate  sohition. — Standardized  to  correspond  to  the 
iodine  solution — i.e.,  containing  52*64  gm.  of  the  crystallized  salt 
l)er  liti»r. 

Method  of  Procedure  :  The  potassium  salt  is  dissolved  in  8  o.c.  of  water, 
And  the  sohition  (which  may  include  a  trace  of  free  hydrochloric  acid)  should 
not  contain  more  than  0'7  k™  ^f  K2O.  To  obtain  an  average  sample,  in  the  case 
of  more  or  less  homoj^eueous  complex  lK)dies,  it  is  l)etter  to  dissolve  from  20  to 
30  j^m.  in  the  proportion  of  1  gm.  of  substance  to  8  c.c.  of  >vater. 

A  mixture  of  the  reagents  is  then  prepared  by  adding  together  in  the  following 
order :  20  c.c.  of  the  alcoholic  bismuth  sohition,  20  c.c.  of  the  calcium  thiosulphate 
solution,  and  200  c.c.  of  95  per-cent.  alcohol ;  this  should  produce  a  perfectly 
clear  liquid.  When  the  substance  contains  less  than  0*3  gm.  of  KoO,  one-half 
the  foregoing  quantities  of  bismuth  and  thiosulphate  solutions  and  150  c.c.  of 
Alcohol  will  be  sufficient. 

The  reagent  is  poured  into  the  potash  solution,  and,  after  vigorous  agitation 
left  at  rest  for  half  an  hour,  by  which  time  the  precipitate  of  double  thiosulphate 
of  bismuth  and  potassium  will  have  fallen.  On  decanting  the  liquid,  the 
precipitate  is  thrown  on  to  a  filter,  and  carefully  washed  with  95  per-cent. 
alcohol.  Quick  filtration  is  desirable,  but  the  aspirator  need  not  be  resorted  to  if 
the  paper  is  good  and  filters  freely. 

The  double  salt  is  dissolved  by  washing  with  cold  water  on  the  filter,  and, 
after  the  addition  of  a  little  fresh  starch  indicator  and  2  or  3  c.c.  of  hydrochloric 
acid,  iodine  solution  is  added  from  a  burette  until  a  dark  brownish-green  colora- 
tion (passing  suddenly  from  pale  yellow)  is  produced.  Should  the  end-i)oint 
liave  been  overstepped,  the  sodium  thiosulphate  solution  is  used.  Each  c.c.  of 
iodine  solution  corresponds  to  O'Ol  gm.  of  KjO. 

The  method  is  fairly  exact  and  rai>id,  but  requires  the  observance 
of  the  following  ju'ecautions  : 

The  (calcium  thiosulphate  nni,>t  be  freshly  ])repared  ;  the  bismuth 
solution  must  contain  exactly  100  gm.  of  subnitrate  per  liter  ;  95  i)er- 
cent.  alcohol  alone  should  be  used,  as  the  precipitate  is  partly  soluble 
in  weaker  spirit ;  and  the  mixed  solution  nuist  be  slightly  acid.  It  is 
also  importiant  that  the  tliiosulphate  shoidd  not  Ixj  in  excess  as 
I'onipared  with  the  bismuth,  or  a  i)ortion  of  it  will  l)e  thrown  down 
by  the  alcohol  and  vitiate  the  result.  If,  however,  all  the  conditions 
1)6  observed,  a  careful  o])erator  will  l)e  able  to  determine  with  ease 
potash  existing  inditferently  as  chloride,  nitrate,  carbonate,  phosphate, 
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oT  even  sulphate,  without  the  necessity  for  the  previous  removal  of 
such  associated  liases  as  soila,  lithia,  ammonia,  lime,  magnesia,  iron  or 
manganese  oxides,  etc. 

TECHNICAL  EXAMINATION  OF  SOME  ATiKATJNE 
COMPOUNDS  FOUND  IN  COMMERCE  OB  OCCUR- 
RING  IN   COURSE    OF   MANUFACTURE. 

There  is  now  considerahle  unanimity  among  English  and  foreign 
manufacturers  of  alkaline  compounds,  as  to  methods  of  analysis  to  be 
adopted  either  for  guidance  in  manufacturo  or  commercial  valuation. 
Lunge  has  contributed  important  jiapers  on  the  subject  (J.  S,  C.  I. 
i.  12,  16,  55,  92),  also  in  conjunction  with  Hurter  in  the  Alkali 
Makers^  Hand  Booly^  which  contains  vahiable  tables  and  jirocesses 
of  analysis.  So  far  as  volumetric  methods  are  concerned,  the  sanu^ 
processes  will  Ik?  given  here  with  others. 

11.     Soda  Ash,  Black  Ash,  Mother-liquors,  etc. 

Soda  Ash  or  Refined  Alkali.  5  or  lO  ^in.are  dissolved  in  alM)ut  l.'X) 
c.c.  of  warm  distilled  water,  and  any  insoluble  matter  filtennl  off  (Gennan 
chemists  do  not  filter),  and  the  volume  diluted  to  |  or  1  liter. 

The  total  (juantity  of  alkali  is  determined  in  GO  c.c.  by  normal  sulphuri**, 
nitric,  or  hydrochloric  acid,  as  in  §  17.  l.t 

The  quantity  of  caastic  alkali  present  in  anv  sample  is  determined  as  in 
§  17.  2  or  5. 

The  presence  of  sulphide  is  ascertjiined  by  the  smell  of  sulphuretted  hydi*o^en 
when  the  alkali  is  saturated  with  an  acid,  or  by  dippiiif.^  paper  steci)ed  in  sodium 
nitro-i)ru8side  into  the  solution :  if  the  paper  tunis  blue  or  violet,  sulphide  is 
present. 

The  quantity  of  sulphide  and  sulphite  may  he  determined  by  siturating 
a  dilute  solution  of  the  alkali  with  a  slight  excess  of  acetic  acid,  adding  starch 
and  titrating  with  ^/lo  iodine  solution  till  the  blue  colour  appears.  The 
quantity  of  iodine  required  is  the  measure  of  the  sulphuretted  hydrogen  and 
sulphurous  acid  present. 

The  proportion  of  sulphide  is  estimated  as  follows  :  13H20  gm.  of  pure  silver 
are  dissolved  in  dilute  nitric  acid,  and  tlie  solution  together  with  an  excess  of 
liquid  ammonia  made  up  to  a  liter,     lilach  c.c.  =  0'005  gm.  Na^S. 

Method  of  Pkockdube:  1(X)  c.c.  of  the  alkali  liquor  i<  heatcnl  to  boiling, 
some  anunonia  added,  and  the  silver  solution  dropped  in  from  a  burette  until  no 
further  jirecipitate  of  Ag^S  is  produced  Towards  the  end,  filtration  v\ill  he 
ne-'esaary  in  order  to  ascertain  the  exact  point,  to  which  end  the  Beales  filter  is 
serviceable  (fig.  23).  The  amount  of  Na^S  so  found  is  deducted  from  the  total 
8ulp  lide  and  sulphite  found  by  iodine. 

Sodium  chloride  (cx)mmon  salt)  may  be  determined  by  can»fully  neutralizing 
1  gm.  of  the  alkali  witii  nitric  acid,  and  titrating  with  decinormal  silver  solution 
and  chromate.  Each  c.c.  represents  0*00G84o  gm.  of  common  salt.  Since  tlu^ 
quantity  of  acid  necessary'  to  neutralize  the  alkali  has  already  been  found,  the 
proper  measure  of  ^/iO  nitric  acid  may  at  once  be  added. 

Sodium  sulphate  is  determined  either  directly  or  indirectly,  as  in  §  77.  Each 
c.c.  of  normal  barium  chloride  is  equal  to  0'07l  gm.  of  dry  sodium  sulphate. 

Examination   of  Crude    Soda   Lyes   and   Red   Liquors.  - 

Kalmann  and  Spliller  (Dingl.  polyt. «/.,  264,  456—459)  recommend  a  process 

*  Whittaker  k  Co.,  London. 

t  This  gives  a  slight  error,  owing  to  traces  of  aloniinate  of   soda  and  lime,  which 
consume  acid. 
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]ja«cd  oil  the  insolubility  of  barium  sulphite  and  the  solubility  of  barium  tliic- 
sulphate  in  alkaline  solutions.  The  estimation  is  performed  in  the  following 
manner  :—l.— The  total  alkalinity  is  det^rmin^d  in  a  measured  volume  of  the 
liquor  under  examination  by  titration  with  normal  acid,  methyl  orange  being 
used  as  indicator.  The  acid  consumed  equals  sodium  carbonate  +  sodium  sulphide, 
+  sodium  hydroxide,  +  one-half  sodium  sulphite  (Na^SOg  is  alkaline  and  NaHSOj. 
neutral  to  meth}'!  orange).  2. — An  equal  volume  of  the  liquor  is  titrated  with 
^/lo  solution  of  iodine,  tlie  volume  consumed  corresponding  >vith  the  sodium 
sulphide  +  the  sodium  sulphite,  +  the  sodium  thiosulphate.  3. — Twice  the  volume 
of  liquor  as  that  used  in  (1)  and  (2)  is  precipitated  with  an  alkaline  zinc  solution, 
and  the  mixture  made  up  to  a  certain  measure,  onc-lialf  of  which  is  filtered, 
acidified,  and  titrated  with  ^/lo  iodine.  The  iodine  consumed  equals  sodiimi 
sulphite  +  thiosulpliate.  4. — Thre:^  or  four  times  the  volume  of  liquor  used  in 
(1)  and  (2)  is  treated  with  an  excess  of  a  solution  of  barium  chloride,  the  mixture 
made  up  to  a  known  volimie  with  water,  and  filtered,  (a)  One-third  or  one- 
fourth  (as  the  case  may  be)  of  the  filtrate  is  titrated  with  normal  acid  the  amount 
iLsed  corresponding  with  the  sodium  hydroxide  +  the  sodium  sulphite,  (b)  A 
new  third  or  fourth  of  the  filtrate  is  acidified  and  titrated  with  ^/lo  iodine,  the 
iodine  consumed  being  equal  to  sodium  sul])hite  +  sodium  thiosulphate.  The 
calculation  is  made  as  follows  :- 

2  —  4i   =  A  c.c.  ^/lo  iodine  corresponding  to  Na^^SOa 

2  — 13     =B  c.c.  ^jf  10  iodine  corresponding  to  Na^S 

■Ai — (2 — 3)     . . .  =  C  c.c.  ^/lo  iodine  corresponding  to  NaaS^Os 

4rr — iVB    =1)  c.c.  normal  acid  corresponding  to NaOH 

1    -  (4<i  +  x\} A)  =E  c*.  normal  acid  corresponding  to  Na^GOg 

Black  Ash. — Digest  50  gm.  with  warm  water  in  a  half-liter  flask,  fill  up 
to  mark,  and  alio  v  to  settle  clear. 

(1)  Tofal  Alkali  existing  as  carbonate,  hydrate,  and  sulphide,  is  found  by 
titrating  10  c.c.  =  1  gm.  of  ash  with  standard  acid  and  methyl  orange  in  the  cold. 

(2)  Caustic  Soda.-  20  c.c.  of  the  liquid  are  put  into  a  100  c.c.  flask  with  10 
c.c.  of  solution  of  barium  chloride  of  10  per  cent,  strength,  filled  up  with  hot 
water,  well  shaken,  and  corked  after  settling  a  few  minutes.  The  clarified  liquid 
is  filtered,  and  50  c.c.  =  1  gm.  a^ih,  titrated  with  standard  acid  and  meth}'!  orange ; 
or  it  may  be  titrated  without  filtration  if  standanl  oxalic  acid  and  phenolph- 
thalei  !  are  used,  this  acid  having  no  effect  on  the  barium  carbonate.  Each  c.c. 
normal  acid  =0031  Na-^O.     This  includes  sulphides. 

(3)  iSodivm  Sulphide. — Put  10  c.c.  of  liquor  into  a  flask,  acidulate  with 
acetic  acid,  dilute  to  about  200  c.c.  and  titrate  with  ^/lo  iodine  and  starch. 
Each  c.c. =00039  NaS,  or  00031  Na..O. 

(4)  Sodium  Chloride.— 10  c.c.  are  neutralized  exactly  with  normal  nitric 
acid,  and  lx>iled  till  all  H2S  is  evaporated.  Anj''  sulphur  which  may  have  been 
precipitated  is  filtered  off,  and  the  filtrate  titrated  with  ^/lo  silver  and  chromate. 
Each  c.c.  =000o846  gm.  NaCl. 

(5)  Sodium  Sulphate. — Tliis  is  best  estimated  by  precipitation  as  barium 
sulphate,  and  weighing,  the  quantity  being  small.  If,  however,  volumetric 
estimation  is  desired,  it  may  Ix^  done  as  in  §  77,  taking  50  c.c.  of  liquor. 

For  other  methods  of  exaiiiiniug  the  vanoiis  solid  and  liquid  alkali 
wastes  useil  for  soda  and  sulphur  recovery,  etc.,  the  reader  is  referred 
to  tlie  Alkali  Makers^  Hand  Book  already  mentioned. 

12.     Salt  Cake. 

Is  the  somewhat  impure  sodium  sulphate  used  in  alkali  manufacture 
or  left  in  the;  retorts  in  pr(»paring  hydrochloric  acid  from  sulphuric  acid 
and  salt,  or  nitric  acid  from  so<lium  nitrate.  It  generally  contains  free 
sidphuric  acid  existing  as  sodium  bisulphate,  the  quantity  of  which 
mav  he  ascertaiiied  hv  direct  titration  witli  nonnal  alkali. 


§  17. 


•  h? 


TITUATION   OF  ALKALINE   SALTS.  67 


The  couimon  salt  ]>rescni  in  estimated  by  deciuonnal  Hilver  solution  and 
chromate ;  liaving  first  saturated  the  free  acid  with  pure  sodium  carbonate*, 
1  c.c.  silver  solution  is  equal  to  0(X)5845  ^n.  of  salt. 

Sulphuric  acid,  combined  with  soda,  is  estimated  either  directly  or  indirectly 
as  in  §  77  ;  I  c.c.  of  nonnal  barium  solution  is  equal  to  O'071  g™*  of  dry  sodium 
sulphate. 

Iron  is  precipitated  from  a  filtered  solution  of  the  salt  cake  with  ammonia  in 
excess,  the  precipitate  of  ferric  oxide  re-dissolved  in  sulphuric  acid,  reduced  to 
the  lerrous  state  with  zinc  and  titnited  with  permanganate. 

13.     Soap. 

Tlie  nieth<j<l.s  licrt*  given  are  a  conilaiiatiuu  of  thos(^  published  by 
A.  K.  Leeds  (C.  N.  xlviii.  166)  and  C.  K.  A.  Wright  {Journ.  Soc. 
Arh,  1885,  1117,  also  J.  S.  0.  J.  iv.  631),  and  others. 

(1)  Moisture  and  Volatile  Matters  —  15  gm.  are  dried  to  a  constant  weight, 
first  at  l(;0°t  en  at  110°0. 

(2)  Free  Fats.  Residue  of  (1)  is  exhausted  in  a  Soxhlet  tube,  with  light 
petroleum  ether,  and  the  extract,  after  evaporation  of  the  ether,  weighe<l. 

(3)  Fafltf  Aciih,  Chforden^  iSulphatex^  Olycerine^  etc.-  The  residue  from 
(2),  which  has  t  een  treated  wi  h  ether,  represents  16  gm.  soap ;  it  is  weighed, 
and  two-thirds  of  it  ;ire  dissolved  in  water,  and  nonnal  nitric  acid  added  in  excess 
to  separate  the  fatty  acids.  These  are  collected  on  a  tared  filter,  drie<l,  and 
weighed.  The  acid  liltrate  is  now  titnited  with  normal  soda  or  potash  (free  from 
chlorides  or  sulplmtes),  with  ])henolphthalein  ;.s  indicator ;  the  difference  between 
the  volumes  of  acid  and  alkali  used  gives  roughly  the  total  alkali.  The  residual 
neutral  liquid  is  divided  into  two  ecjual  parts,  in  one  of  which  chlorine  is 
estimated  with  ^/lo  silver  and  chromate,  and  in  the  other  sulphuric  acid  by 
normal  barium  chloride.  Jf  glycerine  is  present,  it  may  Ikj  estimated  by 
Muter 's  copper  test  in  the  al>sence  of  sugar.  Sugar  is,  however,  oiU.»n  hirgely 
use<i  in  transparent  soaps  in  ]>lace  of  glycerine ;  when  both  are  pn»sent,  the 
separate  estima  ion  is  ditlicult,  but  Wright  suggests  the  method  of  Feb  ling 
for  the  sugar,  first  inverting  with  acid  ;  the  copper  retained  in  solution  by  the 
glycerine  bt*ing  estimated  colorimetrically,  using  for  comparison  a  li(iuid  con- 
taining both  sugar  and  glycerine  to  known  extent;!*,  treated  side  by  side  with 
the  sample  testnl. 

(4)  Free  and  Total  vi/^a/i'.— These  are  obtained  by  Wright's  alcohol  test. 
Two  or  three  grams  of  the  soap  are  boiled  with  95  jKjr-cent.  alcohol,  the  extract 
filtered  off  and  residue  «-ashe(l  with  alcohol.  The  solution  so  obtiiniHl  may  be 
either  j»ositively  alkaline  with  caustic  alkali,  or  ne  atively  alkaline  from  the 
presence  of  fatty  acids  or  a  diacid  soap,  according  to  the  kin<l  of  soap  used. 
Phenolphthalein  is  addid,  which  shows  at  once  whether  free  alkali  Is  present, 
and  in  accordance  with  this  either  standard  alcoholic  acid  or  alkali  is  used  for 
titration.  The  residue  on  the  filter  is  then  dis.^olved  in  water,  and  titrated  with 
decinormal  acid  ;  the  alkali  so  found  may  include  carbonate,  silicate,  borate,  or 
aluminate  of  soda  or  pota-sh,  and  also  any  soluble  lime.  The  sum  of  the  two 
titrations  will  Ikj  the  total  alkalinity  in  case  both  showed  an  alkaline  reaction  ;  if 
otherwise,  the  alkali  used  to  produce  a  colour  in  the  alcoholic  extract  Is  deducted 
from  the  volume  of  acid  used  in  the  water  extract.  This  method  of  taking  the 
alkalinity  of  a  soap  is  very  fairly  exact ;  the  error  ought  never  to  exceed  ±  0  5 
per  cent.  J.  A.  Wilson  (C.  N.  lix.  280)  stites  that  the  estimation  of  free 
caustic  alkali  in  high  class  soaps,  containing  no  free  glycerides,  by  the  alcoholic 
.method  is  correct,  but  not  in  the  case  of  common  commercial  soaps. 

(6)  Combined  AlkaH. —  Wilson«(C.  N.  Ixiv.  205)  pnceids  as  fc)llows  : — 
I.  The  alkali,  in  all  forms,  is  determined  by  titration  with  standard  acid  in 
the  usual  manner.  2.  Another  weighed  quantity  of  the  soap  is  decomposed  in 
a  coniciil  fiask  with  a  slight  excess  of  dilute  lIjS04,  and  the  fl-usk  kept  on  the 
.water-bath  till  the  fatty  acids  .separate  quite  clear.  The  flask  is  then  placed  i]i 
ice- water  to  cool,  and  then  filtered.    The  fatty  acids  are  washed  three  times 
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successively  with  250  c.c.  of  boiling  water  and  allowed  to  cool  each  time  and 
filtered.  The  united  filtrates  are  diluted  to  1  liter,  and  5  n  »  c.c.  placed  in  a  clear 
white  beaker  and  tinted  with  methyl  orange  ^/lo  alkali  is  then  dropped  in  till 
the  liquid  acquires  the  usual  colour,  after  which  a  little  phenolphthalein  is  added, 
and  the  addition  of  standard  alkali  continued  till  a  permanent  pink  is  established. 
The  number  of  c.c.  used  in  the  latter  titration  are  due  to  the  soluble  acids,  and 
are  calculated  to  caprylic  acid.  The  fatty  acids  in  the  flask  and  any  little  on 
the  filter  are  dried  and  weighed,  and  then  dissolved  in  a  cohol,  and  titrated 
with  ^/a  alcoholic  alkali.  The  alkali  so  used,  together  with  that  rfquired  for 
neutralization  of  the  soluhle  aci'tSy  and  deducted  from  the  total  alkali,  gives  the 
alkali  existing  in  other  forms  than  as  soap.  Of  course,  if  desired,  the  soap  may 
be  decomposed  with  HjS04,  and  the  alkali  required  \o  neutralize  the  normal 
methyl  orange  noted,  which,  deducted  from  the  total  acid  used,  would  give  the 
acid  equivalent  to  the  alkali  existing  in  all  forms. 

Anoiher  method  is  used  to  estimate  the  free  alkali  in  soap.  Two  standard 
solutions  are  required,  i.e.,  ^/lo  caustic  soda  in  alcohol  and  an  alcoholic  solution 
of  stearic  acid,  both  to  airree  when  titrated  warm  wiih  phenolphthalein. 

Method  of  Procedure:  2  gm.  of  soap  are  weighed  into  a  round-bottometl 
flask,  of  about  300  c.c.  capacity,  and  50  c.c.  alcohol  poured  upon  it.  ^/lo  stearic 
acid  is  now  run  in  from  a  burette  in  amount  jud  'cd  to  be  sufficient  to  neutralize 
the  free  alka  i  in  2  gm.  of  the  soap,  some  phenolphthalein  added,  and  the  flask 
then  closed  with  a  corky  through  which  passes  a  glass  tube  about  30  inches  long 
and  of  about  i  inch  internal  diameter,  the  lowc-r  end  filed  to  a  point  to  serve 
as  a  reflux  condenser.  The  flask  and  contents  are  placed  on  a  st«am-bath  and 
heated  thirty  minutes,  at  the  expiration  of  vvnich  time  the  solution  should  be 
quite  clear  and  show  no  alkali  with  the  ])henolphthalein.  If  the  solution  turns 
red  during  the  boiling,  showing  that  an  insufficient  quantity  of  stearic  acid  has 
b?en  added  at  first,  add  more  of  that  solution  until  the  colour  disap|)ears,  then 
several  c.c.  in  excess,  and  heat  twenty  minutes  further  The  flask  is  now  removed 
from  the  bath  and,  after  a  few  minutes'  cooling,  titrated  with  ^/lo  causiic  sola. 
The  difference  between  the  number  of  c.c.  of  stearic  acid  added  and  the  number 
of  c.c.  of  caustic  soda  used  to  back  titrate  is  equivalent  to  the  total  free  alkali 
present. 

"While  the  first  flask  is  heating,  weigh  out  in  a  similar  flask  2  gm.  of  soap  and 
add  50  c.c.  alcohol  and  place  on  the  steam-bath.  When  the  first  test  is  finished, 
calculate  roughly  the  total  alkali,  assuming  the  total  quantity  to  be  carbonate. 
Now  add  to  the  second  flask  an  amount  of  10  per  cent,  barium  chloride  solution 
sufficient  to  precipitate  alkali  found,*  heat  a  few  minutes,  add  phenolphthalein, 
and  titrate  with  ^/lo  stearic  acid.  The  titration  must  take  place  slowly  and 
with  thorough  agitation  of  the  liquid,  for  the  reason  that  the  sodium  or  potassium 
hydroxide  reacts  with  the  barium  chloride  added  and  forms  sodiutn  chloride  and 
barium  hydroxide.  The  latter  is  not  very  soluble  in  the  alcoholic  liquid,  and 
sufficient  time  and  pains  must  be  taken  to  ensure  its  complete  neutralization  by 
the  stearic  acid.  A  blank  test  should  be  made  on  50  c.c.  of  the  alcohol,  since 
this  frequently  contains  CO^,  and  the  number  of  tenths  c.c.  ^/lo  caustic  soda 
necessary  to  neutralize  the  free  acid  in  this  quantity  of  alcohol  added  to  the 
reading  of  the  stearic  acid  burette  in  the  second  test.  This  corrected  reading 
gives  the  number  of  c.c.  ^/lo  stearic  acid  used  to  neutralize  the  caustic  alkali  in 
2  gm.  of  soap.  The  difference  between  the  total  alkali  found  and  the  caustic 
will,  of  coiu*se,  give  the  carbonate. 

Example  :  2  gm.  of  soap  and  15  c.c.  ^/lo  stearic  acid ;  32  c.c.  ^/lo  caustic 
soda  to  back  titrate.  Consequently,  15— 3*2  =  11*8  c.c.  ^/lo  of  stearic  acid 
equivalent  to  total  free  alkali. 

To  neutralize  the  caustic  in  the  sample  treated  with  barium  chloride  was 
required  4'1  c.c.  of  ^/lo  stearic  acid.  50  c.c.  of  the  alcohol  used  required  0'2 
c.c.  of  ^/lo  caustic  soda,  then  4*1  +  0  2,  therefore : 

4'3  c.c.  ^/lo  stearic  acid  to  neutralize  free  caustic  alkali. 

11'8— 4*3=7'5  c.c.  ^/lo  stearic  acid  to  neutralize  carbonated  alkali. 

♦  1  c.c.  ^/lO  stearic  acid=00122  gm.  BaCls  2HiO  or  0122  c.c.  10  per  cent,  barium  cMoride 
solution. 
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1  CO.  ^/lo  stearic  acid =0004  gra.  of  caustic  soda  or  00053  gni.  of  sodium 
carbonate. 

The  above  figures  calculated  to  percentage  would  be  : 

0*86  per  cent,  of  caustic  soda  and  199  per  cent,  of  sodium  carbonate.  This 
method  is  only  applicable  to  soapti  of  good  quality. 

TITBATION    OF    ALKALINE     EARTHS    AND    THEIB 

COMPOUNDS. 

§  18.  Standard  hydrochloric  or  nitric  acid  must  in  all  cases  l)0 
uswl  for  tlic?  titration. of  the  c^iustic  or  carbonatwl  alkaline  earths,  as 
these  are  the  only  acids  yielding  soluble  conii)ounds,  except  in  the  case 
of  magnesia.  The  hydroxides,  such  as  caustic  lime,  baryta,  strontia, 
or  magnesia,  may  all  be  estimated  by  any  of  the  indicators,  using  the 
residual  method,  tj'.,  adding  a  known  excess  of  standard  acid,  Ijoiling 
to  expel  any  tnice  of  COj,  and  re-titrating  with  standanl  alkali. 

The  carlK)nates  of  the  same  bases  may  of  course  also  l3e  estimated  in 
the  same  way,  bearing  in  mind,  that  when  methyl  orange  is  used,  the 
licjuid  is  best  cooled  before  re-titration.  All  heating  may  be  avoideil 
when  using  methyl  orange  in  titrating  mixtures  of  hydroxides  and 
carbonates,  or  the  latter  only,  unless  it  is  impos.sible  to  dissolve  the 
substance  in  the  cold.     A  gotxl  excess  of  acid  is  generally  sufficient. 

The  total  amount  of  ]>a8e  in  mixtures  of  auistic  and  carl>onated 
alkaline  earths  is  also  estimated  in  the  same  wav. 

(1)  Estimation  of  Mixed  Hydroxides  and  Carbonates.-- 

This  may  be  done  either  by  phenacetolin  or  phenol jdithalein  as  indi- 
cator. The  former  has  ])een  rex'ommended  l)y  Degener  and  Lunge: 
the  metho«l,  however,  retpiires  ])ractice  in  onler  to  mark  the  exact 
change  of  colour. 

Method  of  Procedure  :  The  liquid  containing  the  compound  in  a  fine  state 
of  division  is  tinted  with  the  indicator  so  as  to  be  of  a  faint  yellow  ;  normal  acid 
is  then  cautiously  added  until  a  permanent  pink  occurs  (at  this  sta^  all  the 
hydroxide  is  saturated),  niort*  acid  is  now  c^autiously  adde<l  until  the  colour 
becomes  deep  yellow,  the  volume  of  acid  so  used  represents  the  carbonate. 

The  method  is  especially  adapted  to  mixtures  of  calcium  hydn)xide  and 
carbonate.  It  is  also  applicable  to  barium,  but  not  to  magnesium,  owing  to 
the  great  insolubility  of  magnesium  hydroxide  in  dilute  acid.  If  i)henolph- 
thalein  is  used  as  indicator,  the  method  is  as  follows : 

Heat  the  licjuid  to  boiling,  and  cautiously  add  normal  acid  until  the  red  colour 
is  just  discharged.  The  carlwnates  of  calcium  and  barium,  rendered  dense  by 
boiling,  are  both  quite  neutral  to  the  indicator.  To  obtain  the  whole  of  the  base, 
excess  of  nonnal  acid  is  used,  and  the  mixture  re-titrated  with  normal  alkali. 

Magnesium  in  solution  as  bicarlK»nate  may  be  accurately  estimated 
in  the  cold  with  nu^thyl  orange  as  in<licat^)r. 

(2)  Estimation  of  Calcium,  Barium,  Magnesium  and  Stron- 
tium in  Neutral  Soluble  Salts.  The  anu>unt  of  l^ase  in  the  chlorides 
and  nitrates  of  the  alkaline  earths  mav  be  readilv  estimated  as  follows: — 

The  weighed  salt  is  dissolved  in  water,  cautiously  neutralized  if  acid  or  alkaline, 
phenolphthalein  added,  heated  to  boiling,  and  normal  sodium  carbonate  delivered 
in  from  time  to  time  with  boiling  until  the  red  colour  is  jHrmanent. 
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^Magnesium  salts  cannot  however  be  estimated  in  tliis  way,  or  even  mixtures 
of  lime  and  magnesia,  as  magnesium  carbonate  aifects  the  indicator  in  a  different 
manner  to  the  other  carbonates. 

(3)  Precipitation  of  the  Alkaline  Earths  from  their  Neutral 
Salts  as  Carbonates. — Soluble  salts  of  calcium,  barium,  and  strontium,  such 
as  chlorides,  nitrates,  etc.,  are  dissolved  in  water,  and  the  base  precipitated  as 
carbonate,  with  excess  of  ammonium  carbonate  and  some  free  ammonia.  The 
mixture  is  heated  to  about  60**  C.  for  a  few  minutes.  The  precipitated  carbonate 
is  then  to  be  liltered,  well  washed  with  hot  water  till  all  soluble  matters,  especially 
ammonia,  are  removed,  and  the  precipitate  with  filter  titrated  with  normal  acid, 
as  a. read V  described. 

Magnesium  salts  cannot  be  estimated  in  this  way. 

(4)  Calcium  and  Magnesium  Carbonates  in  Waters.— The 

amount  of  calcium  or  calcium  and  magnesium  cfirbonates  dissolved  in  ordinary 
non-alkaline  waters  may  be  very  readily,  and  with  accuracy,  found  by  taking 
200  or  300  c.c.  of  the  water,  heating  to  near  boihng,  adding  phenacetolin  or 
lacraoid,  and  titrating  cautiously  with  ^/lo  acid.  An  equally  accurate  result 
may  be  obtained  by  methyl  orange  in  the  cold  liquid.  ; 

(5)  Estimation  of  Calcium  and  Magnesium  Sulphates, 
-Chlorides,  Nitrates,  and  Carbonates  in  Waters  and  the  degrees 
of  hardness  obtained  without  the  use  of  Clark's  Sttuidard  Soap 
Solution.  As  is  generally  known,  the  soai>destroying  power  of 
a  water  is  ascertained  iu  Clark's  process  by  a  sttmdard  solution  of 
soap  in  weak  alcohol,  titrated  against  a  standard  solution  of  calcium 
chloride.  The  valuation  is  iu  so-called  degrees,  each  degree  being 
equal  to  1  grain  of  calcium  carbonate,  or  its  equivalent,  in  the  imperial 
galh)n.  The  process  is  an  old  and  familiar  one,  but  open  to  many 
(►bjections  from  a  scientific  point  of  view.  The  scale  of  degrees  is 
arbitrary,  and  is  seriously  interfered  with  by  the  i>resejice  of  varying 
j>roportions  of  magnesium  salts. 

We  are  indebted,  primarily  to  ^lolir,  and  subsequently  to  Hehner, 
for  an  ingenious  method  of  determining  both  the  temporary  and 
l)ermanent  haixlness  of  a  water  without  the  use  of  soap  solution. 

The  standard  solutions  required  are  ^/s©  sodium  carbonate  and 
^/so  sulpliuric  acid.  Each  c.c.  of  standard  acid  exactly  Jieutralizes 
1  m.gm.  of  CaCO,,,  and  each  c.c.  of  the  alkali  precipitates  the  like 
amount  of  CaCO.^,  or  its  equivalent  in  magnesium  salts,  in  any  given 
water. 

Method  of  Pbockdure:  100  c.c.  of  the  water  are  tinted  with  an  indicator 
of  Buitahle  character,  healed  to  near  hoiling,  and  standard  acid  cautiously  added 
until  the  proper  change  of  colour  occurs.  Hehner  recommends  phenacetoUn; 
hut  my  own  experimeats  give  the  preference  to  bicmoid,  which  is  also  commended 
hy  Thomson.  Draper  {C.  N.  li.  206)  points  out  the  value  of  lacmoid  and 
carminic  acid  for  such  a  process,  and  I  fully  endorse  his  opinion  with  respect  to 
hoth  indicators. 

Another  indicator,  erythrosin,  is  recommended  h}'  J.  AV.  El  1ms  (J.  Am. 
C.  S.  1899,  p.  359).  The  advantage  this  indicator  possesses  is  that  it  is  less 
affected  hy  CO2,  the  titration  may  be  made  in  the  cold,  and  it  also  gives  more 
accurat«  results  with  fairly  turbid  or  coloured  water  than  with  the  -indicators 
above  mentioned.  It  is  not,  however,  the  preparation  described  in  §  14.11,  but 
is  simply  a  sodium  salt  of  erythrosin  in  ordinary  use,  dissolved  in  distilled 
water  in  the  proportion  of  O'l  gm.  per  liter.  The  titration  is  made  in  a  250  c.c. 
stoppered  white  bottle  that  it  may  be  well  shaken  without  loss.     100  c.c.  of  the 
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Avater  loj^fether  with  25  c.c.  oT  the  indicator,  and  5  c.c.  of  chlorofomi.  These 
arc  well  shaken  and  the  acid  ad<led  in  8mall  quantities,  and  well  shaken  after 
each  addition,  nie  rose  colour  of  the  water  toward  the  end  of  the  titration 
becomes  less  marked,  and  with  a  very  slight  excess  of  acid  quite  colourless. 
Tlie  chloroform  produces  a  milky  appearance  from  fre(|uent  shaking,  but  this  is 
no  hindrance  to  the  ond-])oint ;  if  desired,  however,  it  will  settle  in  a  short  time. 
A  piece  of  whit«  paper  behind  the  bottle  will  facilitate  the  detection  of  any 
tnw^e  of  colour  remaining  as  the  titration  approaches  the  end-point. 

If  the  most  accnnite  results  are  desired,  any  of  the  indicators  should  be 
^submitted  to  a  blank  exj)eriment  by  taking  a  measured  volume  of  it  with  100 
c.c.  of  distilled  water,  and  Hnd  how  much  of  the  acid  is  required  to  remove  the 
colour;  the  (juantity  of  acid  so  found  should  then  ])o  deducted  from  all  readings 
Iw'fore  converting  them  into  ciilcium  carbonate. 

The  number  of  c.c.  of  acid  usckI  represents  the  number  of  Clark's  degrees 
of  temponirv  luirdness  pc^r  100,0OJ.  To  obUiin  <legrees  per  gallon,  multiply  the 
number  of  c.c.  by  OT.  The  permanent  hardness  is  ascertained  by  taking  100 
c.c.  of  the  water  and  adding  to  it  a  rather  lari^e  known  excess  of  the  standard 
so<lium  carbonate.  The  quantity  must  of  course  l>e  regulated  by  the  amount  of 
sulpliates,  chlorides,  or  nitrates  of  cjilcium  and  nuignesium  present  in  the 
water;  as  a  ruh%  a  volume  equal  to  the  water  will  more  than  suffice.  Evajwrate 
in  a  platinum  dish  to  dryness  (glass  or  porcelain  will  not  do,  as  they  iffect  the 
hardness),  then  extract  the  soluble  portion  with  small  quantities  of  distilled 
water,  through  a  very  small  filtf^r,  and  titnite  the  filtrate  with  the  standard 
acid  for  the  excess  of  sodium  carbonate :  the  diff«Ttnice  represents  the  i>ermanent 
hardness. 

Some  waters  contain  alkaline  (•arlK)nates,  in  which  caso  there  is  of 
course  no  i>erniaii(Mit  hardness,  because  the  sjilts  to  which  this  is  due 
are  deconijiosed  hy  the  alkaline  carhoimte.  In  examining  a  water  of 
this  kind,  the  temporary  hanhuiss  will  he  shown  to  he  greater  than  it 
really  is,  owing  to  the  alkaline  carbonate  ;  and  the  e.stimation  for 
permanent  hartlne.ss  will  show  more  sodium  earhonati'  than  was 
aetnallv  athled.  If  the  difference  so  found  is  deducted  from  the 
temporarv  luirdness,  as  first  noted,  the  remain<ler  will  Ix?  the  true 
temporary  hardness. 

AMMONIA. 

XII,=  17. 

.1.    Estimation  of  Combined  Ammonia  by  distillation  with 

Alkalies  or  Alkaline  Earths. 

§  19.  Tins  method  allows  of  the  expulsion  of  ammonia  from  all 
its  sjilts.  Caustic  soda,  j)ottt8h,  or  lime,  may  any  of  them  he  used 
wliere  no  organi<'  nitrogenous  ts)mpound  exists  in  the  substance ;  but 
.should  such  be  the  ea.se,  it  is  ])r(»ferable  t<i  u.se  freshly  ignited 
magnesium  oxide. 

Then*  are  a  great  variety  of  distilling  ve.'isels  convenient  for  this 
j>riK'ess. 

The  apjiaratiis  shown  in  iig.  28  is  a  u.sefid  one  for  determining 
.a<;curately  all  the  forms  of  ammonia  which  can  be  displaced  by  soila, 
potash,  or  lime,  and  the  gas  so  evolved  collert<*d  in  a  known  volume 
in  excess  (^f  normal  acid,  the  excess  of  aci<l  Inking  aft<*r\vanls  f<mnd 
•by  resi<lual  titration  with  normal  alkali  or  ^/2  ammonia. 

Modifications  of  this  ap}»aratus  have  been  sngge.sted,  such  as  the 


72  VOLUMETRIC   ANALYSIS.  §  1^- 

iiitrodtutioii  uf  n  coiulenwr  lietweeii  the  two  flaoks  to  cool  the 
<li»tillate ;  nnotluT  is  the  use  of  a  JJ  tube  containing  some  standard 
acid  in  ]Jacp  of  r.  1  Imve  not  found  that  any  of  these  modifications 
Ate.  required  to  secnre  actunicy,  if  the  apparatus  is  tightly  fitted.  It 
in  npcesaary  that  a  good-sized  linlh  should  exist  in  the  distilling  tube, 
juHt  ubovo  the  curk  of  the  distilling  flask,  otherwise  the  spray  from 
the  boiling  liquid  is  occasionally  pnyected  into  the  tulx-,  and  is  blown 
over  with  the  condensed  steam.  Anotlier  precaution  is  advisable 
where  dilute  liquids  are  boiled,  and  mncli  steam  generated,  tliat  is,  to 
immerse  the  conilenKev  flaik  in  cold  water. 


Fig.  2«. 


Methou  of  I'boiedubk:  Tlie  Utile  ftwk,  lioldinn  about  20O  c,c.  niid  j.laoed 
UtiOii  tlie  wire  gauze,  oontaiiia  the  ammoiiianil  Kiil>stancc.  Tiie  tube  d  is  lilW 
tvitli  strong  mhiliun  ot  cnuxtic  polasli  or  min.  Tlie  Inrffc  (Inak  hn1ilt>  about  half 
a  liter,  aiul  contains  a  iiimsurM  quantity  of  norma]  ncid.  pari  bcin);  cuntaine<i 
ill  the  tube  e.  which  in  flileil  with  fi\ass  wool  or  broheti  glxsn.  and  through  whicb 
the  normal  acid  liat  been  poiireil.  Tlie  stopjien  of  the  flanka  iliould  he  caotilchour, 
failii^  ivhich,  icand  corks  soaked  in  melted  pnralDn  may  be  u^. 

Tile  substance  to  Ixi  examint^l  is  wpig)ie<l  or  measured,  and  put  into  tbi- 
distilling  fla^k  with  n  little  naler,  the  apparatii'i  then  beinj;  made  ticlit  at  every 
]art;  some  of  the  caustic  alkali  is  allowed!  tn  flow  in  by  openinif  the  cliji,  and 
Ihe  jpi"  or  spirit  laiu|.  i:*  liiihted  under  it. 
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The  contenU  nre  broiiKliI  to  ^otle  Imiling,  tnkiii);  care  tiiat  the  troth,  if  any, 
does  not  enter  the  dUtilting  tube.  It  i*  well  to  nrc  n  movable  fcu  burner  or 
(-Dmmon  s|)irit  Ump  lielil  under  the  flask  in  tliit  liand :  in  cave  there  i*  any 
tendency  to  boil  over,  the  heat  can  be  removed  immediately,  and  the  flai>k  blown 
upon  by  the  breath,  which  reduce*  the  preswure  in  a  moment.  In  eumiiointr 
li^iuino  and  olhpr  vubBtances  containing  smnioniaeal  Falt«  uid  orgiuiic  matter  by 
this  niean».  the  tendency  to  frothing  ia  comiirlerable :  and  unleas  the  above 
precauiions  are  taken,  the  nccnmcy  of  IIip  results  will  be  inlorfered  with. 
A  small  piece  of  bee's  uax  or  solid  paraffin  iH  verr  Fervieeable  in  allaying 
the  frotli. 

The  diotillinK  tulw  luw  both  ends  cut  nbliuiiely;  and  the  lower  end  nearly, 
but  nnt  quite,  reacbeii  to  the  surface  of  the  acid  to  which  a  little  methyl  orange 
in«y  be  added.  The  quantity  of  normal  acid  n!«d  muKt,  of  cauiite,  Ite  more  than 
RuiKcient  to  combine  with  the  ammonia  produced ;  the  excem  is  afterwardx 
ascertained  by  titration  willi  normal  alkali  or  ^/g  ammonia. 

It  is  advinable  to  nmtinue  the  boiling  for  ray  ten  or  fifteen  minuter,  wAitin^.' 
a  niinnte  nr  two  to  allow  all  the  ammonia  to  be  absorbed :  then  opening  the  ta]> 
or  clip,  blow  through  the  pipette  so  a«  to  force  all  the  remaining;  gk*  into  the- 
acid  flask.  The  tube  c  must  be  thoroughly  wa-shed  out  into  the  flask  with 
diftilled  water,  so  as  to  carry  down  the  acid  with  any  combined  gas  which  may 
have  reached  it.  TJie  titration  then  proceeds  as  usual.  Each  c.c.  of  ^/i  acid 
neutolized  by  the  ammonia  =  0017  ipU'  ut  MI]. 


Fig.  21. 


A  nicirc-  cuiujiact  nnHlerti  funii  iil  ii]i[iiimtUK  Ih  xIliiwii  in  t'm.  '2Q. 

All  ingenioiiH  ami  uKpfiil  ilmtilktiim  tiilx;  ior  m|iiil  Nil.,  CHtiniiitiiiir 
i.-*  shown  ill  Hk.  30,  .Wigin-d  liy  Il(.|.kiiis  {J.  Am.  V.  S..  IH9(i. 
]i.  :i27).  Tlic  tiiliL'  fhown  in  tlie  tJKure  is  inailc;  fniin  tiiUiii).!  iilHint 
7  to  8  m.m.  iiiteriml  <lianii't<'r.  The  Niile  oiienini;!)>  A  nn<1  A,  xlioujil  Ih- 
nearly  aw  Ittrgc,  and  tin-  Imll"  iil«mt  5  cm.  iu  ilianu'tci-.  Tin'  leiifjtii 
of  the  ttil«i  Ih'Iiiw  the  lmll>  is  I'i  v.m.,  iiinl  Hint  iilxivc  the  hiilh  alwul 
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the  ASLino.  Tlie  jets  C  and  Cj  are  2  iii.Tu.  inside  diameter.  Jn  use, 
the  tu))(»  is  puslied  tlirough  the  cork  of  the  distilling  flask  until  the 
opening  ^Vj  is  below  the  cork  ;  the  vaiwiir  then  passes  tlirough  the 
side  openings,  and  whatever  condenses  in  the  tube  below  the  bend  B 
nuis  back  into  the  flask  through  the  jets  C  and  C^  which  always 
remain  filled  with  li(piid. 

2.    Indirect  Method. 

In  the  case  of  tolerably  pure  amnioniacal  salts  or  Liquids,  free  from 
acid,  or  in  which  the  free  acid  is  previously  e^stimated,  a  simple 
indirect  method  c^in  be  used,  as  follows : — 

If  the  ammoniacal  salt  be  boiled  in  an  open  vessel  with  normal  caustic  alkali 
the  ammonia  is  entirely  set  free,  leaving  its  acid  Cximbined  with  the  fixed  alkali. 
If,  therefore,  the  quantity  of  alkaline  solution  is  known,  the  excess  beyond  that, 
necessary  to  supplant  the  ammonia,  may  l>e  found  hy  titration  with  normal  acid. 
The  boiling  of  the  mixture  nuist  be  continued  till  a  piece  of  red  litmus  paper, 
held  in  the  steam  from. the  flask,  is  no  longer  turned  blue. 

3.     Technical  Analysis  of  Ammoniacal  Gas  Liquor, 
Sulphatd  of  Ammonia,  Sal  Ammoniac,  etc.,  arranged  for 

the  use  of  Manufacturers. 

This  j)rocess  depends  upon  the  fact,  that  when  ammoniacal  salts  are 
l)oiled  with  caustic  soda,  ])otash,  or  lime,  the  whole  of  the  annnonia  is 
•expelled  in  a  free  stiite,  and  may  by  a  suitable  apparatus  (figs.  28  or 
29)  l)e  e.'^ti mated  with  extrenu^  accuracy  (see  §  19.1). 

The  suitable  apparatus  is  shown  in  ligs.  28  or  29. 

Technical  Analysis  of  Gas  Liquor. — This  liquid  consists  of 
a  solution  of  carbonates,  sulidiatci*,  hyi)osulphites,  sulidiides,  sulpho- 
cyanides,  and  other  siilts  of  ammonia.  The  object  of  the  ammonia 
manufacturer  is  to  get  all  these  out  of  his  liquor  into  the  form  of 
sulphate  or  chloride;  as  economically  jis  i)Ossil)le.  The  whole  of  the 
ammonia  existing  as  free  or  carbonate  in  the  liquor,  can  be  distilled  off 
at  a  steam  heat ;  tin;  fixed  salts,  however,  recpiire  to  be  heated  with 
soda,  potash,  or  lime  (tin;  latter  is  generally  use<l  on  a  large;  scale  as 
most  economical,  sometimes  with  an  fuldition  of  caustic  soela  towards 
the  end  of  the  distillation),  in  order  to  liberate  the  ammonia  contiiiiuMl 
in  them. 

The  ai)j»aratus  here  described  is  the  same  on  a  siuall  scale  as  is 
ne^!(\ssary  in  the  actual  manufacture  of  sulphate  of  ammonia  in  quan- 
tities ;  and  its  use  enal)les  any  manufacturer  to  tell  to  a  fraction  how 
much  sulphate  of  ammonia  he  ought  to  obtain  from  any  givcm  (piantity 
-of  gas  liquor.  It  also  enables  him  to  tell  exactly  how  mucdi  ammonia 
<'an  be  distilled  off  with  heat  alone,  and  how  much  exists  in  a  fixed 
-condition  requiring  lime  or  caustic  soda. 

The  meiusures  used  in  this  ])roce^s  are  on  the  metri(jal  system  ;  the 
use  of  these  may,  perhaps,  at  first  sight  ai)poar  strange  to  English 
nianufacturc^rs  ;  but  as  the  only  object  of  the  process  is  to  obtfiin  the 
j)ercentage  of  ammonia  in  any  given  substance,  it  is  a  matter  of  no 
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iiuportance  wliich  system  f)f  measures  or  weights  is  used,  as  wlu^u 
once  the  percentage  is  obtained,  the  tahh»s  will  at  once  show  the  result 
in  Englisii  terms  of  weiglit  j»r  measure. 

Method  of  Pkockdurk:  10  c.c  inei'u«ured  by  a  pipette  in  the  invariable 
quantity  of  liquor  u«ed  for  the  analynis,  whatever  the  strength  of  the  liquor 
may  be.  This  measure  is  transferred,  without  spilling  a  drop,  to  the  distilling 
fljisk— the  fittings  being  previously  removed — the  tulie  rf,  fig.  28,  is  then  fiHed 
))y  suction,  with  strong  caustic  soda  solution  from  a  clean  cup  or  other  vessel,  in 
order  to  do  which,  the  clip  or  tap  at  the  top  must  be  opened :  the  cork  is  then 
replaced,  and  the  flask  is  then  securely  imbedded  in  perfectly  dry  sand,  in 
a  sand-bath.  20,  30.  40,  or  50  c.c.  of  standard  acid  (according  to  the  estimated 
strength  of  the  liquor)  allowed  to  flow  into  the  receiving  flask,  through  the 
tube  r,  fig.  28,  which  is  fille<l  wiih  broken  glass  j>lace<l  on  a  layer  of  glass  wool 
or  fibrous  asbestos.  The  broken  glass  should  be  completely  wetted  with  the 
acid,  so  that  any  vapours  of  aunnonia  which  may  esiape  the  acid  in  the  flask 
shall  become  absorbed  by  the  acid.  The  quantity  of  standard  acid  to  be  used  is 
regulated  by  the  apjiroxiniately  known  strength  of  the  liquor,  which  of  course 
can  !>e  told  by  Twaddle's  hydrometer:  thus  for  a  liquor  of  3''Twaddle  = 
<)-oz.  liquor,  20  c.c.— 8-oz.,  2'>  c.c.  — 10-oz.,  30  c.c.  of  acid  will  lie  suflicient  but 
there  nuist  alwav:*  be  an  excess.  The  required  (|uantitv  can  alwa>'s  be  approx- 
imately known,  since  every  10  c.c.  of  acid  represents  1  j)er  cent,  of  ammonia. 
The  standard  acid  having  been  carefully  passed  through  r,  fig.  28,  the  ajqwinitus 
i««  fitted  together  by  the  ehistic  tube  and  the  india-rublwr  stoi)pers  securely 
iu'jerted  in  both  tlju*ks;  this  being  done,  the  lamp  is  lighted  under  th(»  sand-bath, 
and  at  the  sime  time  the  spring-clip  or  tap  on  d,  tig.  28,  is  opened,  so  as  to  allow 
about  two-thirds  of  th;*  caustic  sodi  to  flow  into  the  distilling  flask;  the  rest 
will  gradually  empty  itself  during  the  boiling.  "  The  heat  is  continued  to 
boiling,  and  allowed  to  go  on  till  the  greater  bulk  of  the  li(juid  is  boih*d  away 
into  the  receiving  fla^^k.  A  quarter  of  an  liour  is  generall}'  suflicient  for  this 
purpose,  but  if  the  boiling  is  continued  till  the  liquid  just  covers  the  bottom  of 
the  flask,  all  the  ammonia  will  have  gone  over;  during  the  whole  operation  the 
distilling  tube  nuist  never  dip  into  the  acid  in  the  receiving  flask.  In  order  to 
get  rid  of  the  last  traces  of  annnonia  vapour  out  of  the  lK)iling  flask  the  lamp 
is  removal,  and  the  mouth  being  applitnl  to  the  tube  over  the  clip  or  tap,  the 
latter  is  opened,  and  a  good  blast  of  air  immediately  blown  through.  Tlie 
-ap]>aratus  may  then  bo  detached;  distilled  or  good  boiled  ctrinkiug  water  is  then 
poured  rejx'atedly  through  the  tubes  in  small  quantities,  till  all  traces  of  acid 
are  removed  into  thc^  receiving  flask.  This  latter  now  contains  all  the  ammonia 
out  of  the  sample  of  liquor,  with  an  excess  of  acid,  and  it  is  necessary  now  to  find 
out  tlie  quantity  of  acid  in  excess.  This  is  done  by  means  of  filling  a  burette 
with  standard  solution  of  caustic  soda,  which  soda  is  of  exact  I  v  the  same 
str<»ngth  as  the  standanl  acid.  In  onler  to  find  how  nuich  of  the  standard  acid 
has  been  neutralized  by  the  ammonia  in  the  liquor  distilled,  the  burette  filled 
with  standard  soda,  and  one  drop  of  methyl  orange,  or  a  sufliciency  of  any  other 
indiiTitor  (other  than  phenolphthalein)  being  added  to  the  cooled  contents  of  the 
receiving  flask,  the  .smla  is  slowly  dropped  into  it  from  the  burette,  with  constant 
shakinir.  until  the  indicator  changes  colour.  The  number  of  c.c.  of  soda  so 
u^ed,  deducted  from  the  number  of  c.c.  of  standard  ^ocid  used,  will  show  the 
number  neutralized  by  the  ammonia  in  the  liquor  distilled;  therefore,  if  the 
number  of  c.c.  of  soda  used  to  destrov  the  colour  be  deducted  from  the  number 
of  c.c.  of  standard  acid  originally  used,  it  will  show  the  number  of  c.c.  of 
standard  acid  neutralized  by  the  anuuonia,  which  has  betMi  di«*tille  I  out  of  the 
liquor,  and  the  strength  of  the  solutions  is  so  arranged  that  this  is  shown 
without  any  calculation. 

Example:  Suppose  that  a  liquor  is  to  be  examined  which  mark"*  5'  Twaddle, 
«qual  to  10-oz.  liquor;  10  c.c.  of  it  are  distilled  into  30  c.c.  of  the  standard  acid, 
and  it  has  afterwards  required  6  c.c.  of  standard  soda  to  neutralize  it ;  this 
leaves  24  c.c.  a^  the  volume  of  acid  saturated  by  the  distilled  ammonia,  and  this 
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represents*  2*-4  per  cent.;  and  on  referring  to  the  table  it  is  found  that  this 
number  corresponds  to  a  trifle  more  than  11  ounces,  the  actual  figures  being 
2*384  per  cent,  for  1 1  ounce  strength. 

The  strength  of  the  standard  soda  and  acid  solutions  is  so  arranged, 
that  when  10  c.c.  of  liquor  are  distilled,  every  10  c.e.  of  acid  solution 
represents  1  per  cent,  of  ammonia  in  the  liquor.  Li  like  manner  13 
c.c.  of  acid  will  represent  1  '3  per  cent,  of  ammonia  corresponding  to 
6-ounce  liquor. 

The  burette  is  divided  into  tenths  of  a  cubic  centimeter,  and  those 
who  are  familiar  with  dex^imal  calculations  can  work  out  the  results  to 
the  utmost  point  of  accuracy ;  the  calculation  being,  that  every  1  per 
rent,  of  ammonia  requires  4*61  ounces  of  concentrated  oil  of  vitriol 
(sp.  gr.  1  '845)  per  gallon,  to  convert  it  into  sidphate  :  thus,  suppose 
that  10  c.c.  of  any  given  liquor  have  been  distillexl,  and  the  quantity 
of  acid  recpiired  amounts  to  18*6  c.c,  this  is  1*86  per  cent.,  and  the 
ounce  strength  is  shown  in  ounces  and  decimal  parts  as  follows  : — 

4-61 
1-86 


2766 
3688 
461 


8*5746  ounces  of  oil  of  vitriol. 


The  liquor  is  therefore  a  trifle  over  8j-ounce  strength. 

Spent  Liquors. — It  is  frequently  necessary  to  ascertain  the  per- 
centage of  ammonia  in  s[)ent  liquoi's,  to  see  if  the  workmen  have 
extracted  all  the  available  ammonia.  In  this  case  the  same  measure, 
10  c.c.  of  the  spent  li(juor,  is  taken,  and  the  operation  conducted 
precisely  as  in  the  case  of  a  gas  liquor. 

Example  :  10  c.c.  of  a  spent  liquor  were  distilled,  and  found  to  neutralize 
3  c.c.  of  acid:  this  represents  three-tenths  of  a  per-cent.  equal  to  1-oz.  and  four- 
tenths  of  an  ounce,  or  nearly  IJ  oz.  Such  a  liquor  is  too  vamable  to  throw 
away,  and  should  be  worked  longer  to  extract  more  ammonia. 

MtmroD  OF  Prockdurk  for  Sulpuate  of  Ammonia  or  Sal  Ammoniac  : 
An  average  sample  of  the  silt  being  drawn,  ten  grams  are  weighed,  transferred 
without  loss  to  a  100  c.c.  flask,  distilled  or  boiled  drinking  water  poured  on  it, 
and  well  stirred  till  dis.solvetl.  and  finally  water  added  exactly  to  the  mark.  The 
10  c.c.  measure  is  then  filled  with  the  s(dution.  and  emptied  into  the  distilling- 
flask;  30  c.c.  of  standard  acid  are  put  into  the  receiving  flask  and  the  distillation 
carried  on  precisely  as  in  the  case  of  the  gas  liquor  The  number  of  c.c.  of 
standard  acid  required  shows  directly  the  percentage  of  ammonia  ;  thus  if  24(> 
c.c.  are  used  in  the  case  of  siiljdiate,  it  contains  24*6  per  cent,  of  ammonia. 

The  lirpiors  when  tested  must  he  measured  at  ordinary  tempera- 
tures, sjiy  as  near  to  60'^  F.  as  possible.  The  standard  solutions  must 
he  kept  closely  stoppered  and  in  a  cool  jjlace. 

The  foHowing  tihle  is  given  to  avoid  calculations  ;  of  course,  it 
will  he  understood  that  the  figures  given  are  on  tlie  assumption  that 
the  whole  of  the  ammonia  contaiiKnl  in  the  li(iuor  is  extracted  in  the 
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luamifacture  as  closely  as  it  is  in  the  experiment.  Witli  tlu*  most 
l)erfect  arrangement  of  plant,  however,  this  does  not  as  a  rule  take 
place ;  but  it  ought  to  l>e  very  near  the  mark  with  proper  apparatus, 
and  care  on  the  part  of  workmen. 


Weiirht  of  Sulphuric  Acid  in  pounds  1 

'«rx_u   ^# 

Approxi- 
mate 
measure  of 

Standard 
Acid  in  c.c. 

Percentage 

of  Ammonia 

NH3. 

Oonce 
strength 

g«Ulon. 

and  decimal 

c.  0.  V. 

parts  required  for  each 
lion  of  liquor. 

B.  0.  V.       ^^S«"^ 

Yield  or 

Sulphate 

per  gallon  in 

lbs.  and 

decimal 

and  tenths. 

1 

iey»Tw. 

lii«  Tw. 

12(1"  Tw. 
•0893 

ptrts. 

1 
22 

•2168 

•0625 

•0781 

•0841 

4-3 

•4336 

2 

•1250 

•1562 

•1786 

-1682 

65 

•6504 

3 

•1876 

•2343    ! 

•267) 

2523 

8^7 

•8672 

4 

•2300 

•3124 

•3572 

-3361 

101 

1084) 

5 

-3125 

•3905 

•4466 

-4205 

13-0 

1-3000 

6 

-3750 

•4686 

•5358 

-5046 

15-2 

15176 

7 

•4375 

•5467 

•6J51 

•5887 

173 

1-7344 

8 

•5000 

-6248 

-7144 

•6728 

19-5 

1-9512 

9 

•5625 

•7029 

•8037 

-7569 

217 

2-1680 

10 

-6-450 

•7810 

•8930 

•8410 

238 

2-3840 

11 

•6875 

•8591 

•9823 

-9251 

26-0  . 

2-6016 

12 

•7500 

•9372 

1-0716 

10092 

28^2 

2  8184 

13 

-8125 

1  0153 

1-1609 

10933 

30-4 

3-0350 

14 

•875'J 

1-0934 

1-2502 

11774 

325 

32520 

15 

•9375 

11715 

1-3395 

1-2615 

347 

3-4688 

16 

1  00  X) 

12496 

1  4288 

1-3456 

36-9 

3-6856 

17 

1-0625 

1-3277 

15181 

1-4297 

39^0 

3-9021 

18 

1-1250 

14058 

1(K)74 

1-5138 

412 

41192 

19 

1-1875 

1-4839 

1-6967 

15979 

433 

43360 

20 

1-2600 

1-5620 

17860 

1-6820 

The  weight  of  sulphuric  acid  being  given  in  decimals  renders  it  very 
easy  to  arrive  at  the  weight  necessary  for  every  thousand  gallons  of 
liquor,  by  simply  moving  the  decimal  i)oint ;  thus  8-oz.  liipior  wouhl 
require  500  lbs.  of  concentrated  oil  of  vitriol,  625  lbs.  of  l)rown  oil  of 
vitriol,  or  714 J  lbs.  cliamber  acid  for  every  1000  gallons,  and  should 
yield  in  all  cases  672*8  (say  673)  lbs.  of  sulphate. 


4.    Various  Compounds  existing  in  Ammoniaoal  Qas  Liquors. 

The  Chief  lnsj)ector  under  the  Alkali  Works  Regulation  Acts  issues 
annual  reports  wiiich  for  some  years  past  have  contained  the  results  of 
investigations  on  amnion iacal  liquors  from  various  sources  conducted 
in  his  laboratory.  The  Chief  Inspector  and  his  I^lx)ratory  Assistant, 
E.  Linder,  have  drawn  up  a  condensed  record  of  the  analyses  (»f 
various  compounds  existing  in  gas  liquor,  and  have  allowed  mc^  to 
use  them, 

1.  The  free  and  fixed  ammonia  has  already  been  dealt  with,  as  practically  the 
Fame  method  of  analysis  as  is  there  described  is  adopted. 

2.  Carbonic  Ari'f. — 10  c.c.  of  liquor  are  diluted  to  400  c.c,  10  c.c.  of  am- 
moniacal  calcium  chloride  (1  c.c.  =  'i  44  grams  CO^^)  added,  and  the  wliole  heated 
m  stoppered  bottle  for  IMo  2  hours  in  a  water  bath  at  lOo''  C.    Cool  somewhat, 
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filter,  w-ash  by  decaulatiou  with  boiling  water,  and  dissolve  the  calcium  carbonate 
in  25  to  50  c.c.  ^/^^  HCl  with  added  cold  water  to  prevent  loss  of  acid.  The 
small  amount  of  calcium  carbonate  on  the  filter  paper  is  l)est  recovered  by 
incineration.     Calculations:   CO...  grams  per  lUO  c.c.  of  liquor = 'Oil  x  10 x c.c. 

N/a  acid.    H.E.  ("  Hydroii^ren  Equivalent ") =^^?^^' 

3.  Chlaride.— 10  c.c.  of  boiled  liquor  (for  convenience  250  c.c.  are  lx)iled,  to 
expel  sulphide,  &c.,  cooled  and  made  up  to  250  c.c.  for  estimation  of  chloride, 
sulphocyanide,  ferrocyanide,  &c.)  are  diluted  to  150  c.c,  20  c.c.  of  hydrogen 
peroxide  (10  vols,  free  from  chloride)  added,  and  the  solution  boiled  until  the 
brown  colour  has  almost  entirely  disappeared,  10-15  droi>s  of  potassium  chromate 
solution  are  then  added  to  destroy  the  excess  of  peroxide  and  to  aid  in  removal  of 
organic  matter,  and  the  boiling  continued  for  5  minutes.  Filter,  if  ncc-ei^sary, 
from  traces  of  green  chromium  hydrate,  cool,  neutralise  by  addition  of  a  pinch  of 
so(}ium  bicarbonate  and  titrate  with  ^/lo  AgNOs-  Calculation  :  HCI  grams 
per  100  c.c.  =  OOat  4  X  1 0  X  c.c.  ^Iio  AgNOg. 

4.  Sulphur,  {a)  As  sulphate.  250  c.c.  of  the  licjuor  are  concentrated  to 
about  10  c.c.  on  the  water  bath,  2  c.c.  of  stn)ng  hydrochloric  acid  added,  and  the 
evai)oration  continued  to  dryness  to  decompose  thiosulphate  and  render  organic 
matter  less  soluble  in  water.  The  residue  is  extracted  with  water,  and  the  filteretl 
solution  made  up  to  250  c.c.  The  sulphate  is  detenuined  by  precipitating  ICO 
c.c.  of  this  solution  with  l>arium  chloride,  allowing  the  precipitate  one  night  to 
settle.  The  amount  of  oxidation  \mdergone  by  the  thiosulphate  imder  these 
conditions  is  insignificant.  Calculation  :  Sulphur,  as  sulphate,  grams  per  100 
c.c.=01373xBaSO4. 

(h)  As  sulphocyanide.  To  50  c.c,  of  the  boiled  solution  (see  "chloride" 
above)  add  ferric  chloride  in  amount  slightly  in  excess  of  that  required  to 
complete  the  i)reciintation  of  the  ferrocyanide*  as  Prassian  blue,  filttT  (the 
solution  may  be  wanned  to  promote  sei)aration  of  the  blue  in  the  flocculent 
condition  essential  for  rapid  filtration),  cool,  add  sulphurous  acid  in  sufiicient 
excess  followe<l  by  copper  sulphate,  and  set  aside  in  stoppered  flask  for  1  to  2 
hours  in  the  cold  to  dei)osit  the  cuprous  salt.  Filter  cold,  wash  thoroughly  with 
hot  water,  using  a  little  sodium  sulphate  in  the  wash  water  if  the  precipitate 
shows  a  tendency  to  pass  through  the  filter  paper.  The  final  washings  mu.st 
remain  colourless  on  addition  of  a  trace  of  ammonium  sulphide.  Wash  the 
cuprous  sulphocyanide,  which  should  Ik*  white,  back  into  the  flask,  the  last  traces 
being  removed  from  the  paper  by  wanning  on  a  clock  gla.«vs  with  dilute  nitric 
acid  (1  :  3),  add  I  c.c.  to  2  c.c.  of  strong  nitric  acid  and  boil  the  solution  until 
green  (in  presence  of  nmch  organic  matter  evaporation  to  dryness  and  gentle 
ignition  followed  by  further  treatment  with  nitric  acid  is  sometimes  required  to 
complete  the  oxidation  of  the  copper).  Cool  the  oxidized  liquid,  add  slight  excess 
of  sodium  carbonate,  acidify  with  acetic  acid,  add  |)otassium  iodide,  dilute  and 
titrate  the  lil)erated  iodine  with  ^/lo  thiosulphate,  using  starch  indicator.  This  ' 
method  is  fully  discussed  in  Annual  Beport,  1902,  pp.  71-74.  Calculation  : 
Sulphur,  as  sulphocyanide,  grams  per  100  c.c.  =  2  x  0032  x  c.c.  ^/lo  thiosulphate. 

(r)  As  sulphide,  suli»hite,  and  thiosulphate.  (i.)  10  c.c.  of  liquor  are  diluted 
to  500  c.c,  acidified  with  hydrochloric  acid  and  titrated  \nth  ^/lo  iodine.  Starch 
indicator.  The  volume  of  ^/lo  iodine  required  determines  that  of  the  liquor 
taken  for  (ii.).  (ii.)  10  c.c  of  liquor  or  more  is  added  to  excess  of  ammoniai^l 
zinc  chloride  solution  diluted  to  about  80  c.c.  with  wann  water,  filtered,  and 
thoroughly  Wcished  with  wann  water  (about  40-50°  C).  (iii.)  Sulphide.  The 
zinc  sulphide  on  the  filter  is  \vashed  into  excess  of  ^/lo  iodine  acidified  with 
hydrochloric  acid  (the  last  traces  of  suli)hide  being  washed  through  with  cold 
dilute  acid),  after  vigorous  agitation  to  complete  the  solution  of  the  zinc  sulphide, 
water  is  added  and  the  excess  iodine  determined  with  ^/lo  thiosulphate.  Sulphur, 
as  sulphide,  grams  per  UK)  c.c.  ==  10  x '0016  x  c.c  ^/lo  iodine,  (iv.)  Sulphite 
and  thiosulpliate.     The  conclusion  is  reached  that  no  exact  estimation  of  sulphite 

♦  Aa  ferrocyanide  haa  only  been  detected  in  gras  liquors  analyzed  here  on  very  rare 
occasions,  additiou  of  ferric  chloride  is  generally  found    o  be  unnecess&ry,  and  is  omitted. 
The  appearance  of  Prusbian  blue,  however,  on  adding  ferric  chloride  (slightly  acid)  to  the 
.boiled  liquor  is  regarded  as  the  best  qualitative  test  for  ferrocyimide. 
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and  thioHul])liate  is  i)OH8ibIe  in  amnioniacal  liquors  by  any  method  \msed  on 
titration  with  ^/lo  iodine,  except  in  quite  exceptional  ca^ei*.  A  united  figure 
for  thene  two  conHtituents  can  be  reached  by  difference—  subtracting  from  the 
total  sulphur  found  by  bromine  oxidation  the  sum  of  the  sulphur  present  as 
sulpliate,  sulphocyanide,  and  sulphide.  The  (juestion  is  discussed  in  Annual 
lleport,  1902,  pp.  73-75,  and  in  19()3  lleport,  where  the  identification  of  sulphite 
and  its  approximate  estimation  by  means  of  iM)lysulphide  is  fully  considered. 

{d)  Total  sulphur.  50  c.c.  (100  c.c.  of  weaker  liquors)  of  liquor  are  delivered 
drop  by  drop  from  a  burette  into  a  flask  containing  excess  of  bromine  (free  from 
sulphur)  covered  by  water  strongly  acidulated  with  hydrochloric  acid,  the  oxidized 
solution  is  evaporated  to  dryness  on  the  water  bath,  the  residue  rei>eatedly  extracted 
with  l)oiling  water,  filtered,  cooled,  made  up  to  250  c.c.  and  100  c.c.  precipitated 
with  l>arium  chloride.  Sulphur  grams  per  100  c.c.  =  5  x  •1373  x  BaSO^.  In  the 
case  of  some  liquors,  e./^.,  coke  oven  and  blast  furnace  liquors,  oxidation  with 
bromine  is  often  found  to  yield  a  heavy  yellow  precipitate  of  brominated  phenols  ; 
this  may  retain  traces  of  sulphur  in  amount  sufticient  to  affect  the  i)eroentage 
distribution  sulphur  figures  unless  it  is  recovered  by  fusion  with  ]K>taf«iium 
carbonate  and  nitrate,  and  included  in  the  total.  The  correction  of  the  bromine 
oxidation  method  finds  confirmation  on  p.  82. 

(e)  Sulphur  as  polysulphide.  The  conclusion  is  reached  tliat  the  methods  of 
analysis  elabonited  so  far  afford  no  certain  evidence  of  the  existence  of  poly- 
sulphide in  anmioniacal  li(|Uors ;  indeed,  the  known  reaction  of  this  body  with 
sulphite  to  form  thiosulphate,  and  with  cyanide  to  form  sulphocyanide,  api)ear  to 
cxcludp  tlu'  possibility  of  its  occiirnMiri^  in  ordinary  ammoniacal  liquors. 

Estimation  of  Sulphite  in  Ammoniacal  Liquors. 

The  diflTiculties  attending  an  exact  estimation  of  suljdiite  in  such  liquors  have 
l)een  fully  rehearsed  in  former  Rei>orts  (f.ff.,  1900,  p.  30).  During  the  present 
year  (1903)  att<'ntion  has  betMi  again  directed  to  this  subject  in  the  hope  of 
elaborating  a  reliable  method  for  detecting  and  estimating  this  im]H)rtant  con- 
stituent.    Three  methods  were  tried  :-  - 

(1)  Differentiation  of  sulphite  and  thiosulphate  by  oxidation  with  a  current 
of  air.  The  procedure  followed  consistetl  in  .ispirating  a  rapid  current  of  air 
through  the  solution  for  several  hours.  IJy  this  means  it  was  hoped  that  the 
sulphite  would  alone  be  oxidize<l,  and  that  the  iodine  values  of  the  .solution  before 
and  after  such  treatment  would  afford  the  neces.*«ary  data  for  calculating  the 
amount  of  each  of  the  constituents  present.  Preliminary  exi)eriment  showe<l 
that  the  thiosuli>hate  itself  suffere<l  no  appreciable  oxidation  either  in  neutral  or 
alkaline  solution  when  submitted  to  the  action  of  a  rapid  current  of  air  for  two 
hours.  Sulphite,  however,  proved  to  be  oxidized  too  slowly  under  these  conditions, 
even  when  the  temperature  of  the  solution  was  maintained  at  65°-70*^  C,  to  afford 
any  hoi>e  that  the  method  could  }ye  successfully  api>lied. 

(2)  PrtM'ipitation  of  the  sulphite  by  baryta  water.  The  proctnlure  consisted 
in  adding  to  the  liijuor  a  decidwl  excess  of  clear  saturated  solution  of  baryta, 
followed  by  excess  of  annnoniacal  zinc  chloride  to  remove  sulphide,  the  solution 
was  then  filtered,  and  flie  barium  thiasuli)hate  determined  by  titration  with  ^/lo 
iodine  after  acidifying  with  hydrochloric  acid.  Results  proved  disappointing,  the 
barium  suljihite  not  i)eing  sufficiently  insoluble  under  the  conditions  named  to 
enable  the  desired  separation  to  be  quantitatively  effected.  Thus  in  one  experi- 
ment sulphide,  sulphite,  and  thiosulphate  wTre  mixed  in  the  following  proportions, 
organic  matter  absent : 

Sulphur  per  50  c.c.  of  solution. 
Calcnlated.  Found. 

By  Richardson  &.  Aykroyd's  Method  Modified.  §  76.6. 

As  sulphide         0180  grams  ...  '0176  grams. 

„   sulphite  0029      „      '0029 

„   thiosulphate  0064      •0007 

Thiosulphate  found  by  baryta  method  '0115 

(.3)     Polysulphide  method.     It  is  a  well  established  fact  (see  Annual  Report, 
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1900,  p.  34)  that  solutions  of  anmiouium  polysulphide  and  ammouiuin  sulphite 
react  to  form  ammonium  sulphide  and  ammonium  thiosulphate,  e.g.,  (N  114)28., 
+  (NH4)2S03=(NH4)2S+(NH4)2Sa03.  As  a  result  of  this  reaction  the 
iodine  value  of  the  solution  is  decreajsed  by  1  c.c.  ^/lo  iodine  for  every  '0U32 
j^m  of  sulphur  as  sulphite  decomposed,  the  iodine  value  of  the  thiosulphate 
produced  bein^  half  that  of  the  sulphite  reduced.  The  amount  of  this  decrease 
affords  a  means,  therefore,  of  calculating  the  sulphite  present.  The  procedure 
adopted  is  as  follows : — (a)  Total  iodine  value  of  solution  is  determined  by 
titrating  10  c.c.  of  diluted  and  acidified  liquor  with  ^/lo  iodine,  ^/lo  iodine 
i»quivalerit  of  H.2S  +  H3SO3+  HaS^Oa^A  c.c.  {b)  Iodine  equivalent  of  sulphide 
is  determined  by  ammoniacal  zinc  chloride  method  described  above. 

^/lO  iodine  equivalent  of  11.28  =  B  c.c. 

H3SO3  +  U2S2O3  =  A  -  B. 

(c)  Iodine  equivalent  of  lialf  the  sulphite  +  the  thiosulphate  is  determined  by 
adding  10  c.c.  of  liquor  to  10  c.c.  or  more  of  diluted  polysulphide  liquor  (prepared 
by  digesting  strong  ammonium  sulphide  solution  with  powdered  sulphur,  decanting; 
*2  c.c.  of  this  solution,  freshly  diluted  to  100  c  c,  gives  the  dilute  solution  used  for 
analysis),  after  standing  5  to  10  minutes  in  the  cold,  the  clear  yellow  liquor  is 
precipitated  by  excess  of  ammoniacal  zinc  chloride  and  filtered ;  the  filtrate  is 
ncidiSe<l  with  hydrochloric  acid  and  titrated  with  ^/lo  iodine,  ^/lo  iodine  (less 
iodine  for  thiosulphate  contained  in  the  polysulphide  used)  is  the  equivalent  of 
\  H28O3+  1108203=0  c.c.  Two  examples  will  make  clear  the  application  of  the 
method. 

(1)  Coke  oven  liquor,  see  No.  3  table  (presence  of  sulphite  in  liquor  confinuod 
by  applying  Richardson  and  Aykroyd's  method.     §  76.6). 

10  c.c.  liquor  H«S  +  H0SO3+  U2S203=8-57  c.c.  N/jq  iodine         A. 
H28       '  =7-71  B. 


H2SO3  +  H.J82O3 = 0-80  A  -  B. 


1  H2SO3  +  II.8P3        =0-60    (Thio8ul])hate  in  poly- 

sulphide  deducted)  C. 

i  112803=0-26  A-(B  +  C). 

"Whence, 

Sulphur  as  Sulphide  =  10  x  -00 1 6  x  77 1     =  '1 234  grams  sulphur  per  100  c.c. 

Sulphite  =10  X  Oi^ie  x  2  x  •26=0(»83 

Thiosulpliate  =  10  x  0064  x  34= -0218 

(2)     Gas  liquor  (cyanide  present,  hence  polysulphide  presumably  absent). 

10  c.c.  liquor,  H2S+  113803  +  ^28303= 3213 
H2S  =30-71 


H2S03+H2S03=  1-42 
\  H28O3+ 1138303=    1-33 

i  113803=      09 

Whence, 

Sulphur  as  Sulphide  =  10  x  0016  x 3071  ^'4914  grams. 
Sulphite  =  10  X  '0016  x      -18  =0029      „ 

Sulphite,  if  present,  only  exists  in  this  liquor  in  insignificant  amount.  It  is 
more  reasonable  to  conclude  that  it  is  absent. 

It  should  be  pointed  out  tliat  the  iodine  figure  for  i  n;.S03  is  reached  by 
subtraction  =  A— (B  +  C).  This  will,  to  a  material  extent,  eliminate  the  effect 
due  to  interference  of  organic  matter,  as  titrations  A  and  C  are  carried  out  under 
very  similar  conditions,  while  R  is  not  considered  to  be  materially  affected. 

Careful  experiments  were  also  made  on  mixtures  containing  various  known 
proportions  of  sulphite  and  thiosulphate,  both  in  presence  and  absence  of  organic 
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mattei  to  deU'imine  the  limiUtioiLS  of  the  method.  The  remlxti  obtained  are 
brought  tO'„rether  in  the  alx)ve  Ta)»Ie,  which  it  is  hoped  is  sufficiently  clearly  *et 
out  to  save  detailed  explanation.  In  exjierimeuis  Noii.  7  and  8  the  result*  of 
analyi^s  dearly  indicate  al>s<'m'e  of  sulphite  in  the  solution  examined ;  in  experi- 
ment8.  Nos.  1  to  (»  the  amount  of  suljihite  found  in  each  case  i*  in  sati«factor>' 
a^n.>emont  with  tliat  taken. 

Estimation  of  Total  Sulphur  in  Ammoniacal  Liquora. 

To  lest  the  accuracy  of  the  bromine  r»xidation  method,  the  iwidue  left  after 
evaporation  of  tl)e  oxidized  li^iuor  to  dryness  was  in  one  exjieriment  fused  with 
sodiuiti  peroxide  before  extraction  with  wat^r  for  jirecipitation  of  the  mlphate 
with  Inrium  chloride. 

Toliil  sulphur  obtaiufil  jier  100  c.c.  :rnims  =  -3261  "^ 
Ditto  by  simple  bromine  oxi<Ution      ...     = '32(30) 

The  uniform  consistencv  of  the  results  obtainnl  bv  this  method  also  server  a.* 
indirect  C4)nfinnation  of  its  accuracv. 

Distribution  of  Sulphur  in  Ammoniacal  Liquors. 

If  we  subtract  from  the  total  sulphur  found  by  bromine  oxidation  the  mm 
.  of  the  constituent  sulphurs  found  as  suljtliate.  sulphocyanide,  **  thiomilpliate  " 
(determined  by  titration  of  thea<>iditied  filtrate  fnmi  the  sulphide  by  ^'/lo  iodine), 
and  sulphide,  a  diflFerence  figure  is  obtainml  which  lias  j»roved  to  be  inTariably 
tiegalire  in  si^n  since  the  adoption  of  the  improved  method  of  estimating  wilpho- 
cyanide  descrilKnl  in  1002  Report,  and  here  on  p.  78  evidence  was  obtained  in 
that  year  that  some  of  the  difference  noticed  was  due  to  the  presence  of  sulphite, 
which  caused  the  "  thiosulphate  "  ti^iTure  to  lan^'ely  excee<l  its  proper  value  by 
reason  of  the  factor  for  conversion  of  ^jio  iodine  into  sulphur  as  thiomilpfaate 
beiiiK  "0064  ^oTim  su]i>hur  i>er  1  c.c.  ^/lo  io<line,  while  that  for  sulphite  is  only 
one-fourtli  of  this.  This  has  failed,  however,  to  reduce,  the  difference  fijoire  to  the- 
liniitM  of  reasonable  experimentjil  error,  and  the  conclusion  is  reached,  therefoire,. 
that  orii^anic  matter  is  the  disturbing  cause,  as  such  differences  are  not  noticed 
when  the  same  methods  are  apx>lied  to  determine  the  sime  constituents  in  solutions 
from  which  organic  matter  is  exclude<l.  Various  oonsidcrations  point  to-  the 
thio!<ul])liate  titration  as  the  one  peculiarly  liable  to  such  interference ;  for  this 
reason  the  iodine  method  of  estimating  this  constituent  in  ammoniacal  liquors  is- 
finally  rejected  in  favour  of  a  fi^nire  arithmetically  obtaineil  by  difference. 

6.     Combined  Nitrogen  in  Organic  Substances. 

The  old  process  consists  in  lieatinj^  the  ilricd  sulKtanco  in  a  com- 
bii.sticni  tube  with  soda  lime,  ))v  which  the  nitn»«r(.n  is  converted  iiiti> 
ammonia  ;  and  this  latt«M'  heinj^  led  int<)  a  measuitMl  volume  of  normal 
ai'id  contained  in  a  suitable  hidb  apjiamtn.'*,  combines  with  its  equivalent 
quantity  ;  tlie  solution  is  then  titi-atetl  residnally  with  standanl  alkali 
for  the  excess  of  aiMd,  and  thus  the  rpiantity  of  ammonia  found. 

As  the  comhnstion  tube  with  its  aniint^ements  for  or;:fanic  anal^^sis 
is  well  known,  and  de,serihe<l  in  any  of  the  standanl  hooks  on  general 
analysis,  it  is  not  necessiiry  to  jrive  a  descri|»tion  here. 

6.    Kjeldahl's  Method. 

This  has  met  with  considemhle  aceeptiinco  in  lieu  of  the  comhustion 
metlK3<l,  on  account  of  its  easy  management  an«l  accumte  results. 
Unlike  the  combustion  method,  the  ammonia  is  ohtainecl  fi'ee  from 
ort'janic  matters  or  colour,  and  moreover  s,dts  of  ammonia  and  nitrates- 
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may  be  trstiiiiated  with  extreme  accuracy.  It  was  first  described  by 
Kjeldahl  (Z.  a.  0.  xxii.  366),  and  has  since  been  commented  upon 
by  many  ojierators,  among  whom  are  Warington  (0,  N.  lii.  162), 
Pfeiffer  and  Lehmann  (Z.  a,  C.  xxiv.  388),  Marcker  and  others 
(Z.  a.  O.  xxiii.  553  ;  xxiv.  199,  393  ;  xxv.  149,  155  ;  xxvi.  92  ;  xxvii. 
222,  398) ;  Gunning  (idem  xxviii.  188) ;  Arnold  and  Wedermeyer 
(idem  xxxi.  525)  ;  and  recently  by  Bernard  Dver  (J,  C.  S.  Ixvii.- 
viii.  811). 

The  original  process  consisted  in  heating  the  nitrogenous  8u1>8tance 
in  a  flask,  with  concentrated  sulphuric  acid,  to  its  boiling  pomt,  and 
wlien  the  oxidation  tlirough  tlie  agency  of  the  acid  is  nearly  completed, 
adding  finely  powdered  potassium  permanganate  in  small  quantities 
till  a  green  or  pink  colour  remains  constant  (long  exi)erience  lias  shown 
that  this  addition  of  permanganate  is  not  advisable)  ;  the  whole  of  the 
nitrogen  is  thus  converted  into  ammonium  sulphate.  The  flask  is  then 
cooled,  diluted  with  water,  excess  of  caustic  so<la  added,  the  ammonia 
ilistilled  off  into  standard  acid,  and  the  amoinit  found  by  titration  in 
the  usual  wav. 

Some  practtical  difticulties  (XJCUiTcd  in  the  process  as  originally 
devised  ;  and,  mor(»ov(^r,  with  some  organic  substances  a  very  long 
time  was  required  to  destroy  tlie  C4irbon  set  free  by  the  strong  acid. 

Another  difliculty  was,  that  if  nitmtes  were  present  in  the  compound 
analyzed  their  reduction  to  ammonia  was  not  certain  nor  regular,  and 
unless  this  difficulty  could  h^.  overcome  the  value  of  the  process  was 
limited. 

The  experi(»nce  of  many  hundreds  of  operators  since  this  method 
was  first  introduced  has  resulted  in  rendering  it  as  jMjrfect  as  need  be, 
and  the  results  of  this  experience  in  all  essential  particulars  will  now 
l>e  described,  omitting  the  details  as  to  some  of  the  special  forms 
of  ap[)aratus,  and  which  are  not  absolutely  essential.  The  methoil 
refjuires  thci  following  re-agents  and  apj)aratus  : — 

1.  Stiindard  acid,  which  may  l)e  either  sulphuric  or  hydrochloric  ; 
a  convenient  strength  is  normal  or  semi-normal. 

2.  Standard  alkali,  either  ammonia,  sodium,  or  j)otassium  hydrox- 
ides, of  corresponding  strength  to  the  acid. 

3.  Concentrated  sulphuric?  acid  free  from  nitmtes  and  ammonium 
sulphate.* 

4.  Mercuric  oxide  prejiared  in  tlie  wet  way  or  metiillic  mercury,  t 

*  Commercial  oil  <  f  vitriol  fraqaently  containa  ammonium  oompounds,  owing  to  the  bust 
that  makers  sometimefi  add  ammonium  sulphate  during  concentration  in  order  to  get  rlA 
of  nitrous  compounds.  Meldola  and  Moritx  state  that  any  traces  of  amnaonia  may  he 
destroyed  hy  digesting  the  acid  for  two  or  three  hours  at  a  tenraemture  helow  hoilin/  with 
sodium  or  potassium  nitrite  in  the  proportion  of  0*5  gm.  of  uie  salt  to  100  c.c.  of  acid. 
Lunire  objected  to  this  treatment,  because  of  the  probable  formation  of  nitro*sulphuric  \\\\ 
rcid.    Experiments  have  since  been  made  by  Moritx  which  prove  that  the  objection  is  ' 

groundless,  provided  the  di'^estion  is  carried  on  for  a  period  ■nfflcient  to  expel  the  nitrous 
acid  (J.  8.  C.  I,  ix.  443).  The  purification  of  the  acid  may  of  course  be  obviated  by  asoer- 
toining  once  for  all  the  amount  of  ammonia  in  any  given  stock  of  acid,  by  making  a  blank 
experiment  with  pure  sugar  and  allowins<  in  all  co-ses  for  the  amount  of  HNj  so  found. 

fC.  A.  Mooers  (A»aly9t  xxviii.  44)  states  that  when  usin^  morcury  with  the  material 
under  exam  nation,  there  is  a  •  auger  of  the  metal  i>a88ing  over  with  the  distillate  and  form^ 
an  ama'gam  with  the  tin  condensing  tubes  which  absorbs  some  of  the  ammonia.  He  there- 
fore advocates  Jena  glass  instead  of  tin  tutes.  No  such  effects  have  b(H>n  obtained  in  my 
laboratory  with  the  api>aratns  fig.  32.  It  is  possible  that  the  danger  alluded  to  is  due  to 
impure  tin  or  to  the  form  of  distilling  flask  used. 
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5.  Powdered  potassium  sulphate. 

6.  Granidated  zinc. 

7.  Solution  of  potassium  sulphide  in  water,  40  gm.  in  the  liter. 

8.  A  saturated  solution  of  caustic  soda  free  from  nitrates  or 
]iitrites. 

9.  An  indicator — litmus,  methyl  orange,  or  cochineal  are  suitable, 
but  phenolphthalein  may  not  be  used. 

10.  Digestion  flasks  with  long  neck  and  I'ound  bottom,  holding 
about  200 — 250  c.c.  These  flasks  should  be  well  annealed,  and  not 
too  thick,  preferably  made  of  Jena  glass — the  neck  about  |  inch 
wide,  and  3| — 4  inches  long. 

11.  Distillation  flasks  of  hard  Bohemian  glass  of  conical  shape, 
-550 — 600  c.c.  capacity,  fitted  with  a  nibber  stopper  and  a  bulb  above 
with  curved  delivery  tube,  to  prevent  the  spi-ay  of  the  lx)iling 
alkaline  liquid  from  l)eing  carried  over  into  the  condenser  tubes. 
Copper  distilling  bottles  or  flasks  are  used  by  some  operators  for 
technical  purposes  with  good  results,  but  in  this  case  it  is  advisable  to 
l>ut  the  soda  into  the  vessel  first  then  add  the  acid  liquid. 

12.  The  condenser.  Owing  to  the  undoubted  solubility  of  glass 
in  fresh  distilled  water  containing  ammonia,  it  is  advisable  to  have 
the  condenser  tul)e  made  of  [>ure  block  tin.  This  should  be  about 
three-eighths  of  an  inch  wide  externally,  and  is  connected  with  the 
bulb  tul3e  of  the  distilling  flask  with  stout  pure  rubber  tuln?.  It  is 
surrounded  by  either  a  metal  or  glass  casing,  through  which  cold 
water  is  jiassing  in  the  usual  manner.  It  is  very  easy  U>  fit  uj)  such 
an  arrangement  with  thci  condenser  tulx»s  made  entirely  of  glass  sold 
})y  the  dealers  in  chemical  apparatus.  The  end  of  the  condenser 
tube  may  l^e  simply  inserted  into  the  neck  of  a  flask  in  an  oblique 
position,  containing  the  standartl  acid,  or  it  may  have  a  delivery  tulw 
connected  by  a  rul)ber  tul)e  leadhig  into  a  l)eaker.  There  is  no 
necessity  for  dipping  the  delivery  tul)c  into  the  acid  unless  the 
tem|)erature  of  the  [)lace  is  very  high. 

In  places  w^here  it 
is  difficult  to  arrange 
for  a  flow  of  water  to 
kee])  the  distilling 
tube  cool  the  simple 
api)aratus  shown  in 
fig.  31  may  l)e  servic**- 
uble,  and  unless  the 
t(;mperature  of  the 
place  is  exceedingly 
high  there  is  no  loss 
of  ammonia.  This 
arrangement  is  used 
1  )V  »S  t u  t z e  r ,  whose 
results  with  it  com- 
pare well  with  others  made  in  condensers  su .rounded  by  flowing 
water;  and  equally  accurate  figures  have  been  go'  in  comj^arison  with 
the  ordinary  condenser,  using  the  same  quantity  of  substance.     The 


Fig.  31. 
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lixplanatiuii  of  this  is,  no  ilmibt,  tlie  v«ry  MtmnK  aflinity  of  ammonia 
for  water,  and  when  in  very  miinito  quantity  it  is  liald  very 
l«naciouf<ly,  even  at  a  tolerably  hig}t  t«iii]>erature.  Thu  tiil>o  alioulii 
bo  not  less  than  3  feet  hmg.  Where  a  laiyo  niiiulwr  of  catimationR 
arc  MnR  cameil  on  it  in  cunvenient  to  tiavc  a  8|iecial  condenser, 
wliicli  will  allow  of  nix  or  more  distillations  being  worked  at  tho  same 
time.  Several  forms  of  such  arrangementM  have  Iteen  (levised,  an<1 
are  ^ibtaina>>li'  of  aitparatiix  dealers. 


Fig.  32. 

For  iitHt  in  my  own  laboratory  where  a  large  imnilwr  nf  agricultural 
tMmples  are  examined,  the  form  shown  in  lig.  32  haH  been  adopted, 
and  has  l)cen  found  to  answer  well.  The  l)ody  of  thu  condenser 
conciats  of  an  ordinary  10-gallon  iron  drum  tilled  with  water;  the 
pure  tin  distilling  tulioa  run  through  this  at  eipial  diatancea  from  each 
other,  and  emei^^e  at  the  l>')ttom  of  suDieient  length  to  dip  into  lhn 
vesseln  containing  the  standard  acid.  With  thin  arrangement  there  in 
no  necessity  for  niiining  water,  and  six  iliHtillations  may  Ite  carried  on 
.^inmltancously  without  fear  of  losing  ammonia ;  tlie  Ixwly  of  water  i.-* 
-SO  great  tliat  the  lower  portion  is  quite  cool  after  the  dlHtillations  an- 
fiuiBlied,       In   case    of    extremely    hot    weather   or   in   a    very    hot 
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lalwratory,  tlie  cover  may  )je  removed  and  a  lump  of  ice  placed  in  the 
water,  if  a  large  number  of  distillations  are  required. 

The  distilling  flasks  are  closed  with  rubber  stoppers,  and  fitted 
with  ball  top  arrangement  shown  more  plainly  in  fig.  31.  These  are 
coiuiected  with  the  tin  tubes  by  rubber  joints,  and  supported  on  an 
iron  frame  over  which  is  laid  a  strip  of  wire  gauze.  The  Bunsen 
burners  are  of  Fletcher's  make,  with  nickel  gauze  tops  which  give 
a  smokeless  flame  of  any  desired  size.  So  well  does  tliis  arrangement 
work,  that  during  many  hundi'eds  of  distillations  not  one  breakage 
has  occurred,  due  to  the  heating  or  the  distillation.  The  tin  condens- 
ing tubes  do  not  in  this  case  dip  into  the  standard  acid,  as  various 
experiments  have  proved  it  unnecessary,  unless  the  temperature  of 
the  laboratory  is  very  high. 

B.  Dyer  uses  a  tin  condensing  tube  rising  15 — 18  inches  vertically 
from  the  distilling  flask  with  no  condenser,  but  bent  downwards  and 
fitting  into  a  pear-sha]>ed  adapter  (with  large  expansion  to  allow  of 
varied  pressure),  whose  narrowed  end  dips  actually  into  the  acid. 

13.  A  convenient  sttmd  for  holding 
the  digestion  flasks  is  shown  in  fig.  33, 
and  they  rest  in  an  oblique  position. 
Heat  is  supplied  by  small  Bunsen 
burners.  With  a  little  care  the  naked 
flame  can  be  applied  directly  to  the 
flask  without  danger.  Some  operators 
l)refer  to  close  the  digestion  flasks 
with  a  loosely  fitting  glass  stoj)j)er  ^^ 
elongated    to    a    point,    and    having  ^, 

a  balloon-shaped  top.      This  aids  in  '^* 

the  condensation  of  any  acid  which  may  distil,  but  if  the  flasks  are 
tolerably  long  in  the  neck,  there  is  ])ractically  no  loss  of  acid  except 
iis  SOo  which  occurs  in  any  case.  It  is  almost  needless  t<3  say  that 
the  digestion  should  be  done  in  a  fume  closet  with  good  draught. 

As  the  acid  fumes  given  ofl'  when  organic  matters  are  boiled  with 
strong  acid  are  very  disagreeable  and  irritating  to  the  lungs,  especially 
in  small  laboratories,  another  method  can  be  adopted  so  that  no 
fume  clovset  is  necessary,  and  the  digestion  can  be  can  carried  on  in 
the  oi)en  air.  The  acid  flavsk  is  closed  with  a  ])ear-shaped  hollow 
stop])er,  attached  to  which  is  a  bent  glass  tube,  the  end  of  which  is 
]>assed  through  a  cork  into  a  globe-shaped  adapter  held  in  the  neck  of 
ft  conical  flask,  which  contains  a  solution  of  caustic  soda  into  which 
the  end  of  the  adapter  dips.  By  this  method  all  the  acid  fumes  are 
absorlxnl.* 

The  Kjeldahl- Gunning  Process:  Prom  05  to  5  gm.  of  the  substance 
according  to  its  nature  is  brouglit  into  a  digestion  flask  with  approximately 
0*5  gra.  of  mercuric  oxide  or  a  small  globule  of  metal  and  20  c.c,  of  sulphuric 
acid  (in  case  of  bulky  vegetable  substances  30  c.c.  or  more  may  be  neces.sary). 
The  flask  is  placed  on  wire  gauze  over  a  small  Bunsen  burner  in  an  upright 
position,  or  in  the  frame  above  described  in  an  inclined  position,  and  heated 
below  tiie  boiling-point  of  tlie  acid  for  fi-oni  live  to  fifteen  minutes,  or  until 

•A  liguro  of  tlii^;  apparatus  is  sliown  in  Anahjt\  xxviii.  54. 
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frothing  has  ceased.  The  heat  is  then  rained  till  the  acid  boils  briskly,  this  is 
•continued  for  about  fifteen  minutes,  when  about  10  grams  of  potassium  sulphate 
are  added  and  the  boiling  continued  (anhydrous  sodium  sulpliate  also  ansM'ers 
this  purpose,  and  the  same  effect  can  be  obtained  in  the  same  time  by  sodium 
])yrophosphate,  2  gm.  of  the  latter  acting  as  well  as  10  gm.  of  the  two  former). 
No  further  attention  is  required  till  the  contents  of  the  flask  liave  become 
a  clear  liquid,  which  is  colourless,  or  at  least  has  only  a  very  pale  straw  colour. 
The  flask  u<  then  removed  from  the  frame,  and  after  cooling,  the  contents  are 
transferred  to  the  distilling  flask  with  repeated  quantities  of  water  amounting 
in  all  to  about  250  c.r.,  and  to  this  25  c.c.  of  potassium  sulphide  solution  are 
added,  50  c.c.  of  the  soda  solution,*  or  sufficient  to  make  the  reaction  strongly 
alkaline,  and  a  few  pieces  of  granulated  zinc.  The  flask  is  at  once  connected 
with  the  condenser,  and  the  contents  are  distilled  till  all  ammonia  has  passed 
over  into  the  standard  acid,  and  the  concentrated  solution  can  no  longer  be  safely 
boiled.  This  operation  usually  requires  from  twenty  to  thirty  minutes.  The 
distillate  is  then  titnited  with  normal  or  seminormal  alkali. 

The  use  of  mercury  or  its  oxide  in  this  o{K»ration  greatly  shortens  the  time 
necessary  for  digestion,  which  is  rarely  over  an  hour,  and  in  the  case  of  substances 
most  difficult  to  oxidize,  is  more  commonly  less  than  an  hour.  Potassium 
sulphide  removes  all  mercury  from  solution,  and  so  prevents  the  formation  of 
mercuro-ammonium  c(»mj)oun<ls  which  are  not  <!<>mpletely  decompose*!  by  soda 
solution.  The  addition  of  zinc  gives  rise  to  an  evolution  of  hydrogen,  and 
prevents  violent  bumping.  Previous  to  use,  the  stock  of  reagents  should  always 
be  tested  by  a  blank  ex])oriment ;  in  many  cases  if  potassium  sulpliate  is  used 
there  is  no  necessity  for  mercury,  and  therefore  no  sulphide  is  re<|uired. 

The  following  moilitications  must  be  used  for  the  d(?tenniimtion  of 
jiitrogon  in  sul)stance8  which  contiiin  nitrates. 

Estimation  of  Nitrogen,  including  Nitrates,  by  the 
Kjeldahl- Gunning- Jodlbauer  Process. 

The  requisite  quantity  of  substance  to  be  analyzed  is  put  into  the  digesting 
flask  together  with  1  or  2  gm.  of  zinc  du.st.  From  20  to  30  c.c.  of  sulphuric 
acid  containing  2  gm.  of  salicylic  acid  are  then  quickly  poured  over  the  mixture 
so  as  to  cover  it  at  once.  The  whole  is  then  gently  heated  till  frothing  is  over, 
and  the  process  finished  with  or  without  tlie  potassium  sulphate  as  before 
described. 

Tiie  folh»wiiig  observations  by  l>ernard  Dyer  are  of  eonsidemldo 
iiiiI)ortance  in  connection  with  the  nuMlified  jiroce.ss  : — ^**  When  nitmtes 
are  present  in  addition  to  orgjinie  or  aninioniacal  nitrnj^en,  Jodlbauer's 
modificivtion  (Chem.  (^entr.  iii.,  xvii.,  433)  suffices  to  determine  ac(!U- 
rately  the  t<^>tal  nitrogen.  This  proce.ss  consists  in  previously  adding  to 
the  sulphuric  acid  used  for  oxidation,  cither  ])henol  or,  i)referal)l3% 
sjilicylic  acid — genemlly  about  2  grams  for  a  determination.  While 
the  contents  of  the  flask  are  still  cohl,  from  1  to  2  grams  of  zinc  dust 
arc  added  (as  well  as  a  drop  of  mercury  or  some  oxide)  and  allowed  to 
di.ssolve  before  the  flask  is  lieated.  The  process  is  tlien  continued 
exactly  as  previously  descril>ed,  when  the  whole  of  th<*  nitrogen  is 
obtained  as  ammonia.  There  is  no  difficulty  whatever  in  determining 
the  nitrogen  in  j)otas.sium  or  sodium  nitrate  in  this  manner ;  hut  I  find 
that  when  ammonia  siilts  are  present  as  well  as  potassium  or  sodium 
nitrate,  the  results  are  invariably  too  low,  unless  the  sulphuric  acid 

*Some  opei-atFora  prefer  to  close  the  distilling  flask  with  a  caoutchouc  stopper,  through 
which  in  addition  to  the  distilling  tube,  a  funnel  with  tap  is  fixed  f.^r  running  iii  toe 
alkali,  this  is  to  giutrd  oguinst  possibl  >  loss  of  ammonia. 
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containing  the  salicylic  acid  is  j)oiired  quickly  into  the  flask  out  of 
a  beaker,  so  that  the  nitrate  sliall  }>e  completely  covered  by  the  acid 
before, the  lapse  of  an  appreciable  interval  of  time  ;  this  prevents  the 
formation  of  the  lower  oxides  of  nitrogen,  and  consequent  loss.  When 
even  ammonium  nitrate  is  treated  in  this  way,  the  whole  of  the  nitrogen 
is  retained  in  solution.  I  allude  to  this  detail,  because  I  have  nowhew 
seen  attention  drawn  to  it,  and  because  I  think  there  is  a  probability 
of  largo  errors  occurruig  in  the  analysis  of  compoun<l  fertilisers,  in- 
cluding mixtures  of  ammonia  salts  and  alkali  nitrates,  if  the  acid  ij* 
allowed  to  flow  on  to  the  sample  from  a  jupette  in  the  usual  way." 
The  experiments  carried  on  by  this  chemist,  and  n^corded  in  the 
paper  already  mentioned,  are  extremely  valuable.  They  show  that 
the  Kj  eld  ah  I  process  either  with  the  modifications  of  Gunning  and 
Arnold,  or  with  tliat  of  the  same  and  Jodlbauer,  is  capable  of 
accurately  estimating  the  nitrogen  in  a  very  large  variety  of  complex 
substance^S  and  with  the  exi)enditure  of  very  little  time  as  compare<l 
with  older  methods. 

As  respects  the  substanc(»>s  available  for  the  accurate  estnnation  of 
their  nitrogen  by  the  Kjeldahl  method.  Dyer  finds  that  if  zinc  alom* 
(without  the  use  of  phenol  or  salicylic  acid)  l>e  used  with  aromatic 
nitro-compoun<Ls  there  is  loss  of  nitrogen,  as  though  it  were  necessary 
that  more  carbon  shoiild  be  present. 

The  Kjeldahl-Ciunning  method  fails  to  furnish  the  calculated 
(juantity  of  nitrogen  in  azobenzene  or  amido-azobenzene.  Mere  re- 
<lu(!tion  by  zinc  suftices  with  amido-azolMinzene,  but  in  the  case  of 
azobenzene  the  complete  Jodlbauer  modification  is  necessary.  With 
amido-azotoluene  the  correct  amount  was  obtained  by  the  Kjeldahl- 
(lunning  process  supplemented  by  reduction  with  zinc  and  with 
carbazol  by  the  Kjeldahl-CJunning  method  alone. 

Hydroxylamine  hydrochloride,  which  (contains  20*21  iter  cent,  of 
nitrogen,  yielded  only  3  per  cent,  by  the  Kjeldahl-Gunning  method  ; 
by  reduction  with  zinc  alx)ut  10  per  cent,  was  ol)tained  ;  by  th(» 
Kjeldahl-(iunning-.Todll)auer  method  about  19  per  cent.  ;  by 
reduction  with  sugar  and  zinc  less  than  19  per  cent.  The  Kjeldahl- 
Gunning-fJodlbauer  method  with  the  addition  of  sugar  as  well  as 
zinc,  however,  gave  the  calculated  quantity  in  each  of  three  sepamte 
determinations.  Acetaldoxiiiie,  by  the  Kjeldahl-Gunning  method, 
gave  somewhat  low  results,  but  with  the  addition  of  sugar  and  zinc 
furnished  correct  results.  Na])htho(iuinone-oxinie  yields  its  full  per- 
centage by  the  Kjeldahl-(iunning  method. 

Potassium  cyanide  and  ethyl  cyanide  both  give  nearly  correct  results 
by  the  Kjeldahl-Gunning  method  ;  no  trace  of  hydrocyanic  acid  is 
(n'olved  if  the  sulphuric  acid  used  be  strong.  Potassium  ferrocyanidc^ 
also  yiiOds  accurate  results.  Potassium  ferricyanide,  however,  only 
gives  sufficiently  accurate  results  when  reduced  by  the  addition  of 
sodium  thiosulphat(».  So<Uum  nitroprusside  failed  with  any  modifica- 
tion of  the  method  to  vield  all  its  nitro^^en. 

Phenylhvdrazine  dcjrivatives  cannot  bv  aTiv  modification  of  the 
method  tricMl  be  made  to  give  correct  residts  ;  there  is  invariably 
loss  of  nitrogen,  presumably  liberated  in  the  free  state. 


§  20.  ACIDIMETKY.  8& 

H.  0.  Sherman  {Jour.  Amer.  Chom,  Soc,  xvii.  567)  states  that  no 
known  modification  will  give  accurate  results,  where  large  proportionn 
of  both  chlorides  and  nitrates  exist  in  the  sul>stance  digested. 

ACIDIMETRY    OR    THE    TITRATION    OF    ACIDS. 

8  20.  This  operation  is  simply  tlie  reverse  of  all  that  has  been 
said  (^f  alkalies,  and  de|H»nds  ujM)n  the  same  [)rinciples  as  have  been 
explained  in  alkalimetry. 

With  free  liquid  acids,  such  as  hydrochloric,  sulphuric,  or  nitric, 
the  strength  is  generally  taken  by  means  of  the  hydrometer  or  sjiecific- 
gmvity  l)otth»,  and  the  amoinit  of  real  aci<l  in  the  sample  ascertained 
by  reference  to  the  tables  ccmstructed  by  Otto,  Bineau,  or  lire. 

In  the  case  of  titrating  concentrated  acids  of  any  kind  it  is  preferable 
in  all  cases  to  weigh  accurately  a  small  quantity,  dihite  to  a  definite 
vohime,  and  t*ike  an  aIi(piot  portion  for  titration. 

»  • 

Delicate  End-reaction  in  Acidimetry. 

If  ai)  alkaHne  iodate  or  bromate  be  added  to  a  solutitm  of  an  alkaline^ 
io<lide  in  tlu?  presence  of  a  mineral  acid,  iodine  is  set  free  and  remain.** 
dissolved  in  the  excess  of  alkaline  icwlide,  giving  the  solution  the  well- 
known  colour  <»f  i< Kline.  This  reaction  has  Imhmi  long  observed,  and  is 
caj^able  of  iKMUg  used  with  excellent  effect  as  an  indicator  for  the 
delicate  titration  of  acids,  and  therefore  of  alkalies,  by  the  residual 
metho<l.  Kjeldahl,  for  instance,  uses  it  in  his  annnonia  proc^ess, 
where  the  (listillat^*.  contains  necessarily  an  excess  of  standani  acid. 
The  reaction  is  definite  in  character,  and  may  be  used  in  various  ways 
in  volumetric  processes.  For  instance,  j)otassium  bromate  liberaU^s 
io<line  in  exact  pr(»portion  to  its  conUiined  oxygen  in  the  presence 
of  excess  of  dilute,  mineral  acid,  and  the  iodine  so  lil)erated  may  b(» 
accurati^Iy  titratetl  with  sodimn  tbiosulphate.  In  aci<limetry,  however, 
the  methotl  is  simply  used  fr)r  its  (»x(!eeding  delicacy  as  an  end-rea(;tion, 
one  drop  of  ^/loo  suljihurie,  nitric,  or  hydrochloric  a<^i<l  being  quite 
sufficient  to  cause  a  deep  blue  colour  in  th<»  presence  of  st4iroh. 

The  adjustment  of  the  standard  licpiids  is  ma<le  as  follows  :— 2  or  '.) 
<•.<'.  of  ^/lo  ^^'i*l  i*r<*  run  into  a  flask,  diluUMl  somewhat  with  water,  and 
a  crystal  or  two  of  potassium  iodide  thrown  in  ;  1  or  2  c.c.  of  a  5 
per  cent,  solution  of  potassium  iodat<'  are  then  adde<l,  which  at  once 
produc(»s  a  })rown  colour,  due  to  free  iodine.  A  solution  of  sodium 
thiosulphati'  is  added  from  a  Imrette,  with  constant  shaking,  until  the 
cr>lour  is  nearly  discharged  ;  a  few  drops  of  clear  freshly  prepartMl 
starch  solution  are  now  poured  in,  and  the  blue  colour  removed  by  the 
very  cautious  ad<lition  of  tbiosulphate.  The  (piantity  of  tbiosulphate 
use<l  represents  the  comjwirative  strengths  of  it  and  the  standani  acid, 
and  is  used  as  th«'  l»asis  of  calculation  in  other  titrations.  The  first 
discharge  of  the  blue  colour  must  be  taken  in  all  cases  as  the  correct 
ending,  In'cause  on  standing  a  few  minutes  the  blue  colour  returns, 
line  to  some  oK«»cure  reaction  from  the  tbiosulphate.  This  has  been 
probably  regarded  as  one  f^f  th(^  drawl lacks  of  tlie  process,  and  another 
is  the  instability  of  the  tbiosulphate  solution  ;  but  these  by  no  means- 
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invaKdate  its  accuracy,  and  it  moreorer  possesses  the  advantage  of 
being  applicable  to  excessively  dilute  solutions,  and  may  be  used  by 
artificial,  light.  The  organic  acids  cannot  lie  estimated  by  this  method, 
the  action  not  being  regular.  Neutral  alkaline  and  alkaline  earthy 
salts  liave  no  interference,  but  salts  of  the  organic  acids  and  borates 
must  be  absent. 

ACETIC    ACID. 

CoH^i  )2  =  60. 

§  21.  In  conswiuence  of  the  anomaly  existing  between  the  sj».  gr. 
-of  strong  acetic  acid  and  its  actual  strength,  the  hydrometer  is  not 
reliable,  but  the  volumetric  estimation  is  now  rendered  extremelv 
accurate  by  using  phenolphthalein  as  uidicator,  acetates  of  the  alkalies 
and  alkaline  earths  having  a  perfc^ctly  neutral  behaviour  to  this  in- 
dicator. Even  coloured  vinegars  may  l>e  titrated  when  highly  diluted. 
Where,  however,  the  colour  is  too  nnich  for  this  method  to  succeed, 
Vettenkofer's  plan  is  the  best,  and  this  ojnniou  is  eudoi*sed  by 
A.  K.  Leeds  {J.  Am.  C.  S.  xvii.  741).  The  latter  takes  50  c.c.  of 
the  vinegar  and  50  c.c.  of  water  with  a  drop  of  j)henolphthalein,  adds 
''/lo  l>aTyta  to  slight  excess  which  causes  the  organic  colouring  mattei-s 
to  separate  either  in  the  cold  or  on  warming,  the  excess  of  baryta  is 
then  foun<l  by  titration  with  ''/lo  acid  and  turmeric  paper. 

Several  pr(»cesse.s  have  at  various  times  been  suggested  for  the 
accurate  and  ready  estimation  of  acetic  acid,  among  which  is  that 
of  (freville  Williams,  by  means  of  a  standard  solution  of  lime 
syruj).      The  results  obtained  were  very  satisfactory. 

C.  Mohr's  process  consists  in  adding  to  the  acid  a  known  excessive 
quantity  of  jirecipitated  neutral  and  somewiiat  moist  calcium  carbonate. 
Wlien  the  decomposition  is  as  nearly  as  possible  complete  in  the  cold, 
the  mixture  must  be  heated  to  expel  the  CO.^,  and  to  complete  the 
saturation  ;  the  residual  carbonate  is  then  brought  upon  a  filter, 
washed  with  l)oiling  water,  and  titrated  wuth  excess  of  normal  acid 
and  Iwick  with  alkali. 

In  testing  the  impure  ])rowii  [)yr(»l igneous  acid  of  commerce,  this 
method  has  given  fairly  accurate  results.* 

The  titration  of  acetic  a('i<i  or  vinegar  may  also  be  performed  by  the 
ammonio-cupric  solution  described  in  §  15.10. 

1.  Free  Mineral  Acids  in  Vinegar. — Hehner  has  devised  an 
excellent  method  for  this  pur})ose  {Analyst  i.  105). 

Acetates  of  the  alkalies  are  always  present  in  counnercial  vinegar ; 
and  when  such  vinegar  is  evaporated  to  dryness,  and  the  ash  ignited, 
the  alkalies  are  converted  into  carbonates  having  a  distinct  alkaline 
reaction  on  litmus  ;  if,  however,  the  ash  has  a  neutral  or  acid  reaction, 
some  free  mineral  acid  must  have  l)een  }>resent.     The  alkalinity  of  the 

*  A.  R.  Leeds  (loc.  cH.)  has  not  found  this  method  to  ouBwer,  which  I  think  must  be  due 
to  using  dried  calcium  carbonate.  I  have  only  used  it  for  commercial  wood  acid,  and  the 
figures  obtained  by  me  were  the  highest  among  several  other  methods ;  but  an  error  hae 
been  committed  in  not  mentioning  that  the  CaCOs  should  not  be  thoroughly  dried,  and  the 
alkalinity  of  which  is  known. 
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ash  is  diminished  in  exact  proportion  to  the  amount  of  minenil  acid 
added  to  tho  vinegar  as  an  adulteration. 

Method  of  Pkocedure  :  50  c.c.  of  the  vinegar  are  m  xeti  with  25  c.c.  of 
^lio  soda  or  potash,  evaporated  to  dryness,  and  ignited  at  a  low  red  heat  to 
convert  the  acetates  into  carbonates ;  when  cooled,  25  c.c  of  ^/lo  acid  are  added ; 
the  mixture  heated  to  expel  CO^,  and  filtered :  after  washing  the  residue,  the 
filtrate  and  washings  are  exactly  titrated  with  ^/lo  alkali ;  tlie  volume  so  used 
equals  the  amount  of  mineral  acid  present  in  the  50  c.c.  of  vinegar. 

1  c.c.  ^Iio  alkali  =0  0049  gni.  11,,S04  or  0003645  gm.  HGl. 

If  the  vinegar  contains  more  than  0*2  j>er  cent,  of  mineral  acid,  more 
than  25  c.c.  of  ^/^q  alkali  must  be  used  to  the  50  c.c.  vinegar  before 
evaporating  and  igniting. 

2.  Acetates  of  the  Alkalies  and  Earths. — These  stilts  are 
converted  by  ignition  into  carbonates,  and  can  be  then  residually 
titrated  with  normal  twid  ;  no  other  organic  acids  must  be  j>re8eut, 
nor  must  nitrates,  or  similar  comj)ounds  <lecomposable  by  heat.  1  c.c. 
normal  acid  =  0*06  gm.  acetic  acid. 

3.  Metallic  Acetates.-  Neutral  solutions  of  lead  and  iron  acetates  may 
be  precipitated  by  an  excess  of  normal  sodium  or  pota'isium  cirbonate,  the  pre- 
cipitat3  w  11  boiled,  filtered,  and  waj<hed  with  hot  water,  th  •  filtrate  and  washmgs 
mad  *  up  to  a  definite  volume,  and  an  alitjuot  portion  titrated  with  ^/lo  acid  ; 
the  difference  between  the  quantity  so  used  and  edculated  for  the  original 
volume  of  alkali  will  represent  the  acetic  acid. 

If  such  solutions  contain  free  acetic  or  min(;ral  acids,  they  must  be 
exactly  neutralized  pi*eviou8  to  treatment. 

If  other  salts  than  acetates  are  present,  the  ])rocess  must  Ik?  mollified 
as  follows  : — 

Metrod  of  Procedcbe  :  Precipitate  with  alkaline  ciirbonate  in  excess, 
ex;iotly  neutralize  with  hydrochloric  acid,  evajwrate  the  whole  or  part  to  dry- 
ness, ignite  to  convert  the  acetates  into  carbonates,  then  titrate  residually  with 
normal  acid.  Any  other  organic  acid  than  acetic  will,  of  courm%  reconl  itself  in 
terms  of  acetic  acid. 

4.  Commercial  Acetate  of  Lime. — The  metho<ls  just  <lescril>efl 
are  often  valueless  in  the  case  of  this  substance,  owing  to  Uirry  matters, 
which  readily  produce  an  excess  of  carbonates. 

Fresenius  (Z.  a.  C  xiii.  153)  ado])ts  the  following  process  for 
tolerably  jmni  sam[)les  : 

Method  of  Procedure  :  5  gin.  are  weighed  and  transferred  to  a  250  c.c. 
fla«*k,  dissolved  in  about  150  c  c.  of  wati*r,  and  70  c.c.  of  normal  oxalic  acid  addel ; 
the  flask  is  then  well  shaken,  and  filled  to  the  mark,  2  c.c.  of  water  are  added  to 
allow  for  the  volum :»  occupied  by  the  i)recipitate,  the  whole  is  a|?ain  well  shaken 
and  left  to  settle.  The  solution  is  then  filtered  throuj^h  a  dry  filter  into  a  dry 
flask  ;  the  volume  so  filtered  must  exceed  200  c.c. 

100  c.c.  are  first  titrated  with  normal  alkali  and  litmus  ;  or,  if  highly  coloured, 
by  help  of  litmus  or  turmeric  paper ;  the  volume  used  multiplied  by  2'o  will 
^'ive  the  volume  for  5  ^^m. 

Another  100  c.c.  are  precipitated  with  solution  of  pure  calcium  acetate  in  slight 
excess,  warmed  gently,  the  precipitate  allowed  to  settle  somewhat,  then  filtered, 
well  washed,  dried,  and  strongly  ignited,  in  order  to  convert  the  oxalate  into 
calcium  carbonate  or  cxide,  or  a  mixture  of  both.  The  residue  so  obtiined  is 
then  decomposed  with  excess  of  normal  acid,  and  titrated  residnally  with  normal 
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alkali.  By  deducting  the  volume  of  acid  used  to  neutralize  the  precipitate  fh)m 
that  of  the  alkali  used  in  the  first  100  c.c,  and  multiplying  by  2*5,  is  obtained 
the  volume  of  alkali  expressing  the  weight  of  acetic  acid  in  the  5  gm.  of  acetate. 

In  the  case  of  very  impure  and  higlily  coloured  samples  of  acetate, 
it  is  only  possible  to  estimate  tlie  acetic  acid  by  rej)eated  distiilatioiiH 
with  phosphoric  acid  and  water  to  incipient  dryness,  and  then  titrating^ 
the  acid  direct  with  ^/lo  alkali,  each  c.c.  of  which  represents  0*006 
gm.  acetic  acid. 

The  distillation  is  best  arranged  as  suggested  by  Still  well  and 
Oladding,  or  later  by  Ilarcourt  Phillips  (C.  N,  liii.  181). 

Method  of  Pboceduhe:  A  lOO  to  120  c.c.  retort,  the  tubulure  of  which 
carries  a  small  funnel  fitted  in  with  a  rubber  stopper,  and  the  neck  of  the  funnel 
stopped  tightly  with  a  glass  rod  shoi  with  elastic  tube,  is  supported  upon  a  stand 
in  such  a  way  that  its  neck  inclines  upwards  at  about  forty-five  degrees :  the  end 
of  the  neck  is  drawn  out,  and  bent  so  as  to  fit  into  the  condenser  by  help  of  an 
elastic  tube.  The  greater  part  of  the  retort  neck  is  coated  with  flannel,  so  as  to 
prevent  too  much  condensation. 

1  gm.  of  the  sample  being  placed  in  the  retort,  10  c.c.  of  a  40  per-cent.  solution 
of  PgOj  are  added,  together  with  as  much  water  as  will  make  about  50  c.c.  A 
small  naked  flame  is  used,  and  if  carefully  manipulated,  the  distillation  may  be 
carried  on  to  near  dryness  without  endangering  the  retort.  After  the  first 
operation  the  retort  is  allowed  to  cool  somewhat,  then  50  c.c.  of  hot  water  added 
through  the  funnel,  another  distillation  made  as  before,  and  the  same  repeated 
a  third  time,  which  will  suffice  to  carrv  over  all  the  acetic  acid.  The  distillate  is 
Ihen  titrated  with  alkali  and  pheuolphthalein. 

By  this  arrangement  the  frothing  and  spirting  is  of  no  consequence, 
and  the  whole  process  can  be  completed  in  less  than  an  hour.  The 
r(\'<ult8  are  excellent  for  technical  piirposes. 

Weber  (Z.  a,  C.  xxiv.  614)  has  devised  a  ready  and  fairly  accurate 
method  of  estimating  the  real  acetic  acid  in  samples  of  acetate  of  lime, 
l)asod  on  the  fact  that  acetate  of  silver  is  insoluble  in  alcohol. 

Method  of  Procedure  :  10  gm.  of  the  sample  in  powder  are  placed  in  a  260 
c.c.  flask,  a  little  water  added,  and  heated  till  all  soluble  matters  are  extracted, 
cooled,  and  made  up  to  the  measure  :  25  c.c.  are  then  filtered  through  a  dry  filter, 
put  into  a  beaker,  50  c.c.  of  absolute  alcohol  ad  led,  and  th?  acetic  acid  at  once 
precipitated  with  an  alcoholic  solution  of  silver  nitrate.  The  silver  acetate, 
together  with  any  chloride,  sulpliato,  etc.,  separates  free  from  colour.  The 
precipitate  is  brought  on  a  filter,  well  washed  with  60  per-cent.  alcohol  till 
the  free  silver  is  removed  ;  precipitate  is  then  dissolved  in  weak  nitric  acid,  and 
titrated  with  ''^/lo  salt  solution.    Each  c.c.  represents  0*006  gm.  acetic  acid. 

Several  trials  made  in  comparison  with  the  distillation  method  with 
])hosphoric  acid  gave  practically  the  same  results. 

A  good  technical  method  has  ])een  devised  hy  Grimshaw  (Allen^s; 
Organic  Analysis  i.  397). 

Method  of  Procedure  :  10  gm.  of  the  sample  are  treated  with  water  and 
an  excess  of  sodium  bisulphate  (NaHSO|).  the  mixture  diluted  to  a  definite 
volume,  filtered,  and  a  measured  portion  of  the  filtrate  titrated  with  standard 
alkali ;  a  similar  portion  meanwhile  is  evaporated  to  dryness  with  repeated 
moistening  with  water,  to  drive  off  all  free  acetic  acid.  The  residue  is  dissolved 
and  titrated  with  standard  alkali,  when  the  difference  between  the  volume  now 
required  and  that  used  in  the  original  solution  will  corresjwnd  to  the  acetic  acid 
in  the  sample.     Litmus  paper  is  the  proper  indicator. 
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BOBIC    ACID    AND    BOBATES. 

Boric  anhydride  B2Oj,  =  70. 

§  22.  Thb  Hoda  in  borax  may,  according  to  Thonison,  Ik?  very 
accurately  estimated  by  titrating  the  salt  with  standanl  HjSC)^  and 
methyl  orange  or  lacmoid  i>aper.  Litmus  and  phenacetolin  give  very 
doubtful  end-reactions  :  phenolphthalein  is  utterly  useless. 

Example  :  1*683  f^m.  sodium  pyroborate  in  60  c.c.  of  water  required  in  one 
case  16*7  c.c.  normal  acid,  and  in  a  second  16*65  c.c.  The  mean  of  the  two 
represents  0*517  gm.  Na^O.    Theory  requires  0*516  gm. 

The  estimation  of  lK>ric  acid  as  sucli^  formerly  presented  great 
difficulties,  and  no  volumetric  method  of  any  value  was  available. 

R.  T.  Thomson  has  removed  this  difficulty  by  finding  a  method 
oasy  of  execution,  and  of  fair  accuracy  (/.  S,  C,  I.  xii.  432). 

Method  of  Pbocedure  :  To  determine  boric  acid  in  articles  of  commerce 
it  is  neoejwary  to  use  methyl  orange,  to  which  indicator  boric  acid  is  perfectly 
neutral.  In  the  case  of  boric  acid  in  borax  1  k"i-  >**  dissolved  in  water,  methyl 
orange  addpd,  and  then  dilute  sulphuric  acid  till  the  pink  colour  just  appears. 
Boil  for  a  short  time  to  exi  cl  CO^,  cool,  and  add  normal  or  fifth-normal  soda  till 
the  pink  colour  of  the  methyl  orange  (a  little  more  of  which  should  be  added  if 
necessary)  just  assumes  a  pure  yellow  tin^e.  At  this  stage  all  the  Iwric  acid  will 
exist  in  the  free  state.  Add  glycerin  in  such  proportion  that  the  total  solution 
after  titration  will  contain  30  per  cent,  at  least,  then  add  a  little  phenolphthalein, 
and  lastly  normal  or  fifth-nonnal  soda  free  from  COj  from  a  burette  until  a  per- 
manent pink  colour  is  produced.  More  glycerin  may  be  added  during  the 
(estimation  if  it  is  found  neces.<wry.  The  i)roportion  of  boric  acid  present  is 
calculated  from  the  numb?r  of  c.c.  of  soda  consumed. 

1  c.c.  normal  NaOH= 0  0620  gm.  H3BO3 

1  c.c.       „  .,     =0*0605  gm.  ;NajB407 

1  c.c.       „  „     =00955  gm.  NajB407+  I0II3O 

Tn  the  case  of  boric  acid  of  commerce,  which  j^jnerally  contains  salt**  of 
ammonium,  1  >rm.  may  be  dissolved  in  hot  water,  a  slight  excess  of  sodium 
<'arbonate  added,  and  the  solution  boiled  down  to  about  lialf  '\\»  bulk  to  expel 
:immonia.  Any  precipitat ;  which  appears  may  then  be  filtere<l  off,  and  the 
filtrate  titrated  as  already  described. 

Tlie  method  may  also  Ihj  applied  to  boracite  or  borate  of  lime  by  (lissolvinj; 
1  ^^m.  of  either  of  thes^  minerals  in  dilute  hydrochloric  acid  with  the  aid  of 
heat,  nearly  neutralizing,'  with  caustic  soda,  boiling  to  expel  CO^,  cooling,  exactly 
neutralizing,'  to  methyl  orange,  and  continuing  the  determination  as  in  Iwrax. 
If  much  iron  is  present,  however,  it  should  be  rc^moved  by  a  ]>reliminary  treat- 
ment with  sodium  carbonate,  and  removal  of  oxide  of  iron  as  well  as  the 
(!arbonates  of  calcium  and  magnesium  by  filtration. 

\j,  C.  .Jones  {Am,  J,  *S*.,  1898,  147-153)  has  Iwised  a  method  of 
titrating  l)oric  acid  which  depends  upon  the  fact  that  when  a  solution 
of  the  acid  is  mixed  with  one  of  mannitol,  a  much  stronger  acidic 
property  is  devel()|)ed  ivinn  the  Ixiric  acid  than  it  naturally  ]»osses."<es 
(a  similar  eflfect  occurs  with  glycerin),  and  furtln^r,  that  boric  acid 
alone  in  solution  in  moderate  amount  has  not  the  slightest  a<'tion  on 
a  solution  ccmtaining  ix)tassium  iodide  and  iodate.  Therefore,  if  a 
given  solution  containing  boric  acid  1m»  mixed  with  itnlide  and  iodate, 
the  acid  set  free  by  addition  of  a  mineral  acid  and  the  fr(»e  iodine  so 
produced  exactly  destroyed  by  thiosuli)hate,  thei*e  ^'esidts  a  colourless 
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liquid  containing  the  boric  acid  in  a  free  state  ami  ready  to  be  titrated 
by  any  convenient  method. 

Method  of  Pbocedure:  The  solution,  about  50  c.c,  containing  the  boric 
compound  and  about  0*1  gm.  of  boric  acid,  is  acidified  distinctly  with  hydrochloric 
acid,  but  any  large  excess  must  be  removed  with  soda.  5  c.c.  of  a  10  per-cent. 
solution  of  barium  chloride  are  then  added.  In  a  separate  beaker  the  iodide  and 
iodate  mixture,  say  10  c.c.  of  a  25  per-cent.  solution  of  iodide  and  the  same  volume 
of  a  saturated  solution  of  iodate.  together  with  starch  indicator  is  placed — the 
quantity  must  be  sufficient  to  liberate  an  amount  of  iodine  equivalent  at  least  to 
the  free  HCl  in  the  boric  solution  ;  the  colour  of  the  starch  iodide  which  is 
usually  liberated  from  this  mixture  is  removed  by  a  dilute  solution  of  sodium 
thiosulphate.  To  this  neutral  solution  of  iodide  and  iodate  a  single  drop  of  the 
boric  solution  is  added  by  a  glass  rod  ;  if  a  blue  colour  occiuv  it  is  evidc  nt  that 
the  boric  solution  is  acid  with  free  HCl  and  the  boric  acid  is  in  a  free  condition. 
The  solutions  are  then  mixed  and  the  free  iodine  removed  by  cautious  addition 
of  thiosulphate.  The  mixture  is  then  colourless  and  contains  only  starch,  neutral 
chloride,  potassium  tetrathionikte,  iodide  ani  iodate,  with  all  the  B^O;  in  a  free 
state.     Any  COo  will  have  been  removed  by  the  barium  chloride. 

The  titration  is  now  begun  by  adding  a  few  drops  of  x)henolphtlialein  and 
^/5  caustic  soda  run  in  from  the  burette  until  a  strong  red  colour  is  shown  ; 
a  pinch  of  mannitol  is  then  thrown  in  which  bleaches  the  colour,  more  soda  and 
more  mannitol  are  in  turn  added  until  the  colour  is  i)ermanent.  As  a  rule  1  or 
2  gm.  of  mannitol  suffice  for  an  estimation.  The  amount  of  B2O3  is  calculated 
on  the  assumption  that  under  the  above  mentioned  conditions  1  mol.  of  the  acid 
requires  2  mol.  of  sodium  hydroxide.  Test  analyses  on  calcium  borate  and 
colemanite  gave  satisfactorv'  results  and  within  a  very  short  time.  Silicates  and 
fluorides  do  not  interfere,  but  ammonium  salts  must  be  removed  by  boiling  with 
alkali  previous  to  adopting  the  process,  owing  to  their  well  known  eflfect  on  the 
indicator. 

Schwartz  (Chon.  Zeif.,  1899,  497)  recommends  the  glycerin  metho<l 
in  the  case  of  boracite  to  l)e  carried  out  as  follows  : — • 

1  or  2  gm.  of  the  finely  i)owdered  material  are  mixed  with  5  to  10  c.c.  of  strong 
hydrochloric  acid  made  up  to  about  50  or  100  c.c.  with  water  and  digested  with 
stirring  for  several  hours  at  ordinary  temj)erature.  The  process  may  be  hastened 
by  heating,  but  in  that  case  a  reflux  condenser  may  be  necessary  to  avoid  loss  of 
boric  acid.  In  either  case  the  liquid  is  filtered,  residue  washed  and  the  filtrate 
rendered  exactly  neutral  to  methyl  orange,  with  ^/s  soda  free  from  COj,  the 
volume  is  made  up  to  1  or  200  c.c,  then  25  or  50  c.c.  mixed  with  the  same 
volume  of  absolutely  neutral  glycerin,  diluted  somewhat,  then  titrated  with 
pheuolphthalein  and  ^/s  soda. 

Boric  Acid  in  Milk,  Butter,  and  other  Foods.— B.  T.  Thomson 
(Olasffow  City  Anal.  Soe.  Repts.,  1895,  p.  3).  1  to  2  gm.  of  sodium  hydrate  are 
added  to  100  c.c.  of  milk,  and  the  whole  eva|)orated  to  dryness  in  a  platinum  dish. 
The  residue  is  cautiously  but  thoroughly  charred,  heated  with  20  cc.  of  water, 
and  hydrochloric  acid  added  drop  by  drop  until  all  but  the  carbon  is  dissolved. 
The  whole  is  transferred  to  a  100  c.c.  flask,  the  bulk  not  being  allowed  to  get 
above  50  or  60  c.c,  and  0'5  gm.  dry  calcium  chloride  added.  To  this  mixture 
a  few  drops  of  phcnoli>hthalein  arc  added,  then  a  10  per-ceut.  solution  of  caustic 
soda,  till  a  permanent  slight  pink  colour  is  i)erceptible,  and  finally  25  c.c.  of  lime- 
water.  In  this  way  all  the  P2O5  is  precipitated  as  calcium  phos^jhate.  The  liquid 
is  made  up  to  100  c.c,  thoroughly  mixeil  and  filtered  through  a  dry  filter.  To 
50  c.c.  of  the  filtrate  (equal  to  50  cc  of  the  milk)  normal  sulphuric  acid  is  added 
till  the  pink  colour  is  gone,  then  methyl  orange,  and  the  addition  of  the  acid 
continued  until  the  yellow  is  just  changed  to  pink,  ^/s  caustic  soda  is  now 
added  till  the  liquid  assumes  the  3'ellow  tinge,  excess  of  soda  being  avoided.  At 
this  stage  all  acids  likely  to  be  present  exist  as  salts  neutral  to  phenoli)hthalein, 
except  boric  acid  (wljich,  being  neutral  to  methyl  orange,  exists  in  the  free 
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condition),  and  a  little  COj,  which  it  ifl  abfiolutely  neceeaary  to  expel  by  boiling  for* 
a  few  minuter.  The  solution  is  cooled,  a  little  phenolphthalein  added,  and  as 
much  glycerin  as  will  ^ve  at  least  30  per  cent,  of  that  substance  in  the  solution, 
then  titrated  with  ^/s  caustic  soda  till  a  distinct  permanent  pink  colour  is 
produced ;  each  c.o.  of  the  soda  is  equal  to  0'012-i  f^m,  crystallized  boric  add. 
A  series  of  experiments  with  this  process  showed  that  no  boric  acid  was  pre- 
cipitated with,  the  phosphate  of  lime  so  lonfir  as  tlie  solution  operated  upon  did 
not  contain  more  than  0*2  per  cent,  of  crystallized  boric  acid,  but  when  stronger 
solutions  were  tested,  irregular  results  were  obtained.  The  charring  of  the  milk 
is  apt  to  drive  off  boric  acid,  but  by  carefully  carrying  the  incineration  only  so 
far  as  is  necessary  to  secure  a  residue  which  will  yield  a  colourless  solution,  no 
appreciable  loss  occurs. 

There  b  no  doubt  that  (^Oj  nuist  be  |<ot  rid  of  in  titrating  boric  acid  with 
phenolphthalein,  and  hence  it  is  necessary  to  boil  the  solution.  Some  operators 
therefore  do  this  in  a  flask  with  upright  condenser  to  avoid  the  loss  of  boric  acid. 
It  is  doubtful,  however,  whether  by  this  confined  escape,  the  gas  is  got  rid  of  as 
easily  as  is  thought.  L.  de  Koningh  (J.  Am.  C.  S.,  1897, 385)  gives  the  results 
of  experiments  made  in  this  matter,  and  shows  that  a  dilute  solution  of  the  acid 
may  be  boiled  even  up  to  fifteen  minutes  in  an  o{)en  vessel  (which  is  longer  than 
necessary),  with  the  loss  of  a  very  faint  trace  of  the  acid.  The  same  operator 
alio  advocates  Uie  removal  of  phos})horic  acid,  which  is  nearly  always  present  in 
foods,  by  adding  a  light  excess  of  sodium  carbonate  to  the  boric  aoid  liquid,  then 
cautiously  adding  calcium  chloride  ;  thin  precipitates  any  phosphate  and  the  excess 
of  carbonate,  while  the  borate  in  very  dilute  solution  is  not  affected.  On  now 
adding  a  solution  of  ammonium  carbonate  containing  an  excess  of  free  ammonia 
the  excess  of  lime  is  pre<ipit«ted.  Hy  boiling  the  clear  solution  with  excess  of 
sodium  carbonate  the  ammonium  compounds  are  quickly  exi)elled,  and  the  titration 
may  l)e  carried  on  as  before  described. 

A  new  process  is  also  described  in  the  .same  article  by  which  the  boric  acid  may 
be  estimated  after  the  removal  of  the  PjOj  by  means  of  magnesium  mixture  ;  the 
filtrate  is  mixed  with  excess  of  sodium  carbonate  and  heate<l,  the  precipitate  of 
magnesia  is  removed  by  filtration,  the  filtrate  evaporated  to  dryness  to  render  the 
rest  of  the  magnes'a  insoluble,  and  the  residue  is  then  treated  with  a  little  water 
and  filtered.  The  boric  acid  may  then  be  titrated  according  to  Thomson's 
glycerin  method.  As  a  test  experiment,  O'l  gm.  of  boric  acid  was  dissolved  in 
aqueous  soda,  then  mixed  with  100  gm.  of  oatmeal  and  incinerated  ;  from  the  ash, 
0*095  gm.  of  boric  acid  was  recoveretl. 

A  rapid  method  for  estimating  boric  acid  in  butter  has  been  worked  out  b}' 
H.  Droop  Richmond  and  J.  H.  P.  Harrison  (Analtfst  xxvii.  179).  25  gm. 
of  the  butter  are  weighed  out  into  a  beaker,  and  25  c.c.  of  a  solution  containing 
6  gm.  of  milk  sugar  and  4  c.c.  of  normal  sulphuric  acid  in  100  c.c.  are  added. 
The  beaker  is  placed  in  the  water  oven  until  the  fat  has  just  melted  and  the 
mixture  is  well  stirreil.  After  allowing  the  aqueous  portion  to  settle  for  a  few- 
minutes  20  c.o.  pipetted  out,  a  little  phenolphthalein  added,  brought  to  the  Ixjiling 
point,  and  titrated  with  semi-normal  caustic  soda  until  a  faint  pink  colour  just 
appears.  12  c.c.  of  neutral  glycerin  are  now  added,  and  the  further  titration 
carried  on  till  a  pink  colour  appears.  The  difference  between  the  two  titra- 
tions multiplicHl  by  0*0368  gives  the  amount  of  boric  acid  in  20  c.c,  and  this 
multiplied  by 

100 -I- percentage  of  water  in  the  butter 

20 
win  give  the  percentage  of  boric  acid.     The  estimation  is  not  affected  by  the 
phosphoric  or  butyric  acid,  or  milk  sugar  present  in  the  butter. 

Fertile  estimation  of  l)oric  acid  in  meiit  C.  Frescnius  and  (x.  Popp 
(GhejtK  Centr.,  1897,  ii.  69)  adopt  the  following  metho<l  with  good 
results  :  - 

10  gm.  of  the  chopped  meat  is  triturated  in  a  mortar  with  40  to  80  gm.  of 
.anhydrous  sodium  sulpliate,  and  dried  in  the  water  oven  ;  the  mass  is  then  finely 
powdered,  if  necessary,  with  the  addition  of  more  sodiiun  sulpliate,  introducwi 
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into  a  300-c.c.  Erlenmeyer  flask,  and  100  c.c.  of  methylic  alcohol  added.  After 
-standing  for  twelve  hours,  the  alcohol  is  distilled  off;  50  c.c.  more  methylic 
Alcohol  are  poured  on  to  the  residue,  and  this  is  again  distilled  off.  The  distillate 
is  finally  made  up  with  methylic  alcohol  to  150  c.c,  and  50  c.c.  of  this  are  mixed 
with  50  c.c.  of  water  and  50  c.c.  of  50  per-cent.  glycerin  solution  containing 
phenolphthalein,  and  carefully  neutralized  with  soda ;  after  thoroughly  mixing 
the  liquid,  it  is  titrated  with  ^/ao  soda,  1  c.c.  of  soda^O'0031  gm.  of  crystallised 
boric  acid. 

CARBONIC    ACID    AND    CABBONATES. 

§  23.  All  carbonates  are  decomposed  by  strong  acids  ;  the  carbonic 
acid  which  is  liberated  splits  up  into  water  and  carbonic  anhydride 
(002)1  which  latter  escapes  in  the  gaseous  fonu. 

It  will  be  reiidily  seen  from  what  has  Ixjen  said  pniviously  a.s  to  the 
<.'stimation  of  the  alkaline  earths,  that  carbonic  acid  in  combination 
<;an  be  estimated  volumetrically  with  a  very  high  degree  of  accuracy 
<see  §  18). 

The  carbonic  acid  to  be  estimated  may  be  ln-ought  into  combination 
with  either  calcium  or  barium,  these  bases  admitting  of  the  firmest 
combination  as  neutral  carbonates. 

If  the  carbonic  acid  exist  in  a  soluble  form  a.s  an  alkaline  mono- 
I'arbonate,  the  decomposition  is  el!*exjt«^d  by  the  addition  of  barium  or 
C;dcium  chloride  as  before  directed  ;  if  as  bicarlKinaUs  or  a  compound 
between  the  two,  ammonia  must  be  added  with  either  of  the  chlorides. 

As  solution  of  ammonia  frequently  contains  traces  of  COg,  this  must 
bj  removed  by  the  aid  of  barium  or  calcium  chloride,  previous  to  use. 

1.     Carbonates  Soluble  in  Water. 

It  is  necessary  to  remember,  that  when  calcium  chloride  is  used 
iis  the  precipitant  in  the  cold,  amorplious  calcium  carbonate  is  first 
formed ;  and  as  thi.s  (rompomid  is  sensibly  soluble  in  water,  it  is 
necessary  to  convert  it  into  the  crystalline  form.  Jn  the  absencjc  of 
free  ammonia  this  can  be  accomplished  by  boiling.  When  ammonia 
is  present,  the  same  (>nd  is  (»btaine<l  by  allowing  the  mixture  to  stand 
for  eight  or  ten  hours  in  the  cold,  or  by  heating  for  an  hour  or  two  to 
70-80''  C.     With  barium  the  precipiUition  is  regular. 

Another  fact  is,  that  when  ammonia  is  [)resent,  and  the  pi-ecipitation 
occurs  at  ordinary  temperatures,  ammonium  carbamate  is  formed,  and 
tlie  barium  or  calcium  carbonate  is  only  i)artially  [U'ecipitated.  This 
is  overcome  by  heating  the  mixture  to  near  boiling  for  a  couple  of 
1  lours,  and  is  best  done  by  passing  the  neck  of  the  fiask  through 
a  retort  ring,  and  immersing  the  fiask  in  boiling  water. 

When  caustic  alkali  is  }»resent  in  the  substance  to  l)e  examined, 
it  is  advisable  to  use  barium  as  the  i>reci])itant ;  otherwise,  for  all 
volumetric  estimations  of  CO2  calcium  is  to  be  preferred,  because  the 
l»recipitate  is  much  more  (piickly  and  perfectly  washed  than  the  l)arium 
<:ompound. 

Example  :  1  gm.  of  ])ure  anhydrous  sodium  ciirbouate  wa.s  dissolved  in  water, 
precipitated  while  hot  with  barium  chloride,  the  precipitate  allowed  to  settle  well, 
the  clear  liq^uid  decanted  through  a  moist  filter,  more  hot  water  containing  a  few 
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r  the  precii>i(«te,  whioh  hu  repeak^lj  done  m  that 


throu>^  the  filter  ;  when  the  WBghiD)(d  i-howed  no  tiw»  of  rhlorine,  the  till«r  im* 
tmtfiferred  to  the  fliwk  cantalnini;  the  bulk  of  tlie  preci]iitat«,  and  20  r.c  of 
nonnal  nitric  acid  added,  then  titrated  with  nnnnal  a1k&li,  of  whirh  VZ  ex.  wu 
required  =  I8'6  e.c.  uf  acid  ;  thin  miilliplied  Yiy  CrilSa,  the  coefficient  fnr  carboniu 
acid, t^ve 04136 gm. COi~41-3e  per  cent.,nr  multiplied  by  0003,  the ntelllcient 
for  sodinm  uirbonite,  gave  0'01)64  itia.  in.'ttead  of  1  gra. 

2.     CarbouBtos  Soluble  in  Aoids. 

It  ttometimcH  occurs  that  BnlwtaiiceH  Iwvo  to  lie  examined  for  car- 
hoiiic  acid,  wliieh  ilo  not  admit  of  heint;  treated  on  nimvo.  doHcrilied  ; 
HUch,  for  iiitttanec,  ha  the  carlioiiateH  i>f  the  ttii^talliir  oxideH  (white  lejid, 
calamine,  etc.),  carlxuiateH  uf  niogneMio,  in)ii,  and  cu]ii>er,  the  e^atiniatinn 
of  carhonie  acid  in  cements,  mortar,  and  many  otiier  aulMtanccs.  In 
thew  caxea  tlie  carbonic  acid  must  he  evolved  from  the  comliiiiatioii  liy 
tiiRaiis  of  a  Htron^T  aeiii,  and  condncteil  into  an  alutorption  a|){<amtiiH 
containing  ammonia,  then  [jr(;eii)it)ited  witli  ciilcinm  chloride,  and 
titrated  bh  Ijefore  dedcriUiil. 

Tile  following  form  of  a])paratnii  (fig.  34)  afFonlH  satisfactory  rosnlts. 


tlRTHOD  OF  Fbocedurk:  Tlie  weighed  Bulmtanoe  fhiin  which  tlie  carbnnio 
acid  is  to  be  evolved  is  pUiced  in  b  with  a  little  water ;  the  tul)e  d  contains  xtrong 
hjrdruchloric  acid,  and  c  broken  gla-ai  wetted  with  ammonia  free  from  cnrboaio 
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acid.  The  flask  a  is  about  oue-eighth  filled  with  the  same  ammonia ;  the  bent 
tube  must  not  enter  the  liquid.  When  all  is  ready  and  the  corks  tight,  warm  the 
flask  a  gently  so  as  to  fill  it  with  vapour  of  ammonia,  then  open  the  clip  and  allow 
the  acid  to  flow  circumspectly  upon  the  material,  which  may  be  heated  until  all 
carbonic  acid  is  apparently  driven  off ;  then  by  boiling  and  shaking  the  last  traces 
can  be  evolved,  and  the  operation  ended.  \Vlien  cool,  the  apparatus  may  be 
opened,  the  end  of  the  bent  tube  washed  into  a,  and  also  a  good  quantity  of  boiled 
distilled  water  passed  through  c,  so  as  to  carry  down  any  ammonium  carbonate 
that  may  have  formed.  Then  suld  solution  of  calcium  chloride,  boil,  filter,  and 
titrate  the  precipitate  as  before  described. 

During  the  filtration,  and  while  ammonia  is  present,  there  is  a  great  avidity  for 
carbonic  acid,  therefore  boiling  water  should  be  used  for  washing,  and  the  funnel 
kept  covered  \vith  a  small  ghiss  plate. 

In  many  instances  G(3.2  raa}^  be  estimated  by  its  equivalent  in 
chlorine  with  ^ jio  j^ilver  and  chromato,  as  in  §  42. 

3.     Carbonic  Acid  Gkts  in  Waters,  etc. 

The  carbonic  acid  existing  in  waters  as  neutral  carbonates  of  the 
alkalies  or  alkaline  earths  may  very  elegantly  and  readily  be  titrated 
<lirectly  by  ^l^o  ^^'^^^  (^ce  §  18.5). 

Well  or  spring  water,  and  also  mineral  waters,  containing  free 
carbon i<»  acid  gas,  can  ])e  examined  by  collecting  measured  quantities 
of  them  at  tlieir  source,  in  bottler  containing  a  mixture  of  calcium 
and  ammonium  chloride,  afterwards  heating  the  mixture  in  boiling 
water  for  one  or  two  horn's,  and  titrating  the  precipitate  as  before 
described. 

Pettenkofer's  method  with  caustic  baryta  or  lime  is  in  general 
use.  Lime  water  may  be  used  instead  of  barytii  with  equally  good 
results,  but  cave  must  be  taken  that  the  precipitate  is  crystalline. 

The  principle  of  the  method  is  that  of  removing  all  the  carbonic 
acid  from  a  solution,  or  from  a  water,  bv  excess  of  barvta  or  lime 
water  of  a  known  strength  :  and,  after  absorption,  finding  the  excess 
of  Iviryta  or  lime  l)y  titration  with  ^ lio  acid  and  turmeric  paper. 

The  following  course  is  the  best  to  be  pursued  in  this  method  for 
ordinary  drinking  waters  not  conttiining  large  (piantities  of  carbonic 
acid  : — 

Metiioi)  of  pRorEDURE  :  100  CO.  of  the  water  are  put  into  a  flask  with  3  c.c. 
of  strong  solution  of  calcium  or  l>arium  chloride,  and  2  c.c.  of  saturated  solution 
of  ammonium  chloride  ;  45  c.c.  of  baryta  or  lime  water,  the  strength  of  which  is 
previously  ascertained  by  mwins  of  decinormal  acid,  are  then  added,  the  flask  well 
corked  and  put  aside  to  settle;  when  the  precipitate  is  fully  subsided,  take  out 
50  c.c.  of  tlie  clear  liquid  with  a  pii>ette,  and  let  this  be  titratetl  with  decinormal 
acid.  The  ([uantity  required  nuist  be  multiplied  by  3  for  the  total  baryta  or  lime 
solution,  there  being  50  c.c,  only  taken ;  the  number  of  c.c.  so  found  must  be 
deducted  from  the  original  quantity  required  for  the  baryta  solution  added ;  the 
remainder  nmltiplied  by  0*0022  \nH  give  the  weight  of  carbonic  acid  existing  free 
and  as  bicarbonate  in  the  100  c.c. 

The  addition  of  the  barium  or  calcium  chloride  and  ammonium  chloride  is 
made  to  prevent  any  irregularity  which  might  arise  from  alkaline  carbonates  or 
sulj>hates,  or  from  magnesia. 

A  more  accurate  method  of  estimating  the  COo  in  its  various  states 
of  existence  in  drinking  waters  has  ])een  used  for  some  years  past.  It 
is  described  by  C.  A.  8eyler  (C.  N,,  1894  ;  Anahjd,  lcS97,  p.  312). 
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AVhatever  may  really  l>o  the  condition  under  which  COg  exists  in 
natural  waters,  and  about  which  there  is  difference  of  opinion,  it  is 
sufficient  for  all  practical  purjMjses  to  assume  that  it  occurs  i^i  three 
forms,  namely  :  first,  as  monocarlx)nate*j  of  alkalies  or  alkaline  eartlis  ; 
second,  as  bicarbonates  of  the  same  ;  and  third,  as  completely  free 
COg.  Seyler  proposes  to  distinguish  the  first  as  fixed  and  the  two 
others  as  volatile  COg,  inasmuch  as  that  the  gas  existing  as  bicarbonate 
may  almost,  and  the  free  gas  completely,  1k»  dispelled  l»y  boiling.  On 
the  assumption  that  the  half-])ound  acid  («.«.,  as  bicarbonate)  is  equal 
to  the  combined,  the  free  CO^  may  l)e  estimate<l  by  subtracting  the 
conil>ined  from  the  volatile  as  found  by  Pettenkcifer's  proceas — this, 
however,  is  inaccurate  with  small  quantities  and  tedious.  What  is 
required  is  a  meth<Ml  of  estimating  the  free  ('(>.^  indeiM*ndently. 

Peltenkofer's  method  has  been  modified  hy  Trillich,Lu n^e, and  Seyler, 
and  the  modificatioDi)  liave  been  carefully  investi^rated  by  Ellms  and  Beneker 
(J.  Am.  C.  S.  xxiii.  405),  and  they  come  to  the  conclusion  that  Sey  ler's  meth^  d 
is  thf*  most  accurate. 

Tin*  «'ssential  (l«*tails  of  tlu*  process  are  as  follows  :  - 

The  free  car!>onic  acid  is  dctenuiiied  by  placing  100  c.c.  of  the  sample  in  a  glass 
cylinder  with  25  to  30  dn)i)s  of  a  neutral  solution  of  phenolphthalein.  To  the 
sample  is  then  added  ^/ao  sodium  carl)onate,  stirring  carefully  and  thoroughly 
until  a  faint  peniianent  pink  colour  is  obtainwl. 

Method  of  Pbocedure  :  1.  The  titration  can  conveniently  take  place  in 
a  Nessler  cylinder,  approximately  18  cm.  loiij;  by  3  cm.  in  diameter,  graduated 
for  50  and  100  cc  T\\e  stirrinj;  rod  is  bent  at  its  lower  end  into  the  form  of 
a  circle,  and  then  turned  so  as  to  stand  at  ri^dit-angles  to  the  nxl.  A  comparison 
cylinder  cx)ntainin|f  the  same  amount  of  water  as  there  \i'as  in  the  titrating 
cylinder,  is  found  to  aid  in  the  determination  of  the  end-jKiint. 

2.  The  larger  ]»art  of  the  sodium  carbonate  solution  should  be  addt*d  quickl}', 
and  the  strong  pink  colour  forme<l  should  be  dischar^Kl  by  stirring  and  mixing 
with  the  nnl.  The  titration  can  th<*u  be  c»autiously  complete<l,  until  c<dour 
remains  pennanent.  The  sodiiuu  carbonate  solution  should  be  pn»i>ared  with 
freshly  ignited  sodium  carbonate,  and  with  air-free  water.  The  exi)osure  of  this 
solution  to  the  air  should  Ix*  avoidwl  as  mticli  as  iK)ssible,  as  sodium  bicarl)onate 
is  re^wlilv  formed,  whieli  rendei*^  it  usc»U»ss  for  this  titnition  where  aecunUe  results 

« 

are  desired. 

3.  With  wateis  that  are  high  in  free  and  luilf-bound  carbonic  acid  it  is  l)etter 
to  use  less  tlum  100  cc  for  the  titration.  With  such  a  water,  care  is  necessary 
in  transferring  the  sunple  to  the  cylinder  in  onler  to  avoid  loss  of  CC>..  Too 
vigorous  stirring  of  the  water  is  also  to  l)e  avoided  for  the  same  reason. 

The  fixe<l  carl>onic  acid,  fn)ui  which  the  half-bound  acid  is  estimatetl,  is  deter- 
mined according  to  the  method  of  Heli  ner  (§  18.5).  Seyler  uses  methyl  orange 
:u^  the  indicator  for  this  titration,  but  lacmoid  is  preferable. 

in  the  absence  of  free  CO^  in  a  water,  the  lialf-bound  may  equal  the  fixed,  in 
which  case  it  would  be  neutral  to  phenolphtjialein.  If,  however,  the  water  is 
alkaline  to  phenolphthalein,  the  half-lK)nnd  CO.j  does  not  cipial  the  fixed ;  or,  in 
other  words,  a  portion  of  the  carlM)nates  of  the  bases  exist  in  solution  without  the 
assistance  of  any  lialf-bound  CO....  In  such  a  cast^  the  lialf-l)ound  acid  is  obtained 
by  first  determining  the  fixed  CO2  by  means  of  lacmoid.  From  this  is  deductetl 
an  auiount  of  CO^  equal  to  twice  the  quantity  indicated  by  the  acid  required  to 
discliarge  the  pink  colour  pnKluced  by  phenol])hlhalein.  The  difference  is  the 
amount  of  half-bound  CO^  which  is  prestnit.  Tlu.*se  titrations  may  be  made  on 
the  same  sample,  in  which  case  the  "  phenolphthalein  alkalinity ''  is  first  detennined, 
an<l  then  followed  by  the  titration  with  lacmoid  ;  or  they  may  be  made  on  sepirate 
Kunple^. 

H    2 
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The  principles  upon  which  the  above  procedure  is  based  liave  been  pointed 
out  above. 

These  titrations  involve  no  especial  difficulties,  and  can  be  easily  and  quickly 
carried' out.  ^/ao  solutions  of  sulphuric  acid  and  sodium  carbonate  were  us^ 
by  the  experimenters.  Seyler  lias  prepared  a  series  of  formula)  for  calculating 
the  results,  which  simplifies  the  work  somewhat.  If  results  are  obtained  with 
100  c.c.  of  the  sample  and  the  reagents  employed  are  ^lao,  the  following  formulas 
express  the  results  in  parts  per  million  : — 

I.  For  waters  acid  or  neutral  to  phenolphthalein  : — 
Free  carbonic  acid    ..  ..  ...     —^'iip 

Fixed  or  half-bound  carbonic  acid        ...  ...     =4*4  m 

Volatile  carbonic  acid  ...  ...  ...     =4*4  (wi+^) 

Total  carbonic  acid  ...  .  ...     =4*4  (2m  +  ^) 

p=c.c.  ^lao  sodium  carbonate  solution  required  to  produce  a  pink  colour  with 

phenolphthalein  in  100  c.c.  of  the  water ;  and 
m=c.c  ^/20  sulphuric  acid  solution  required  to  obtain  the  end-point  with  methyl 

orange  or  lacmoid  in  the  same  volume  of  water. 

II.  For  waters  alkaline  to  phenolphtlialein  : — 

Fixed  carbonic  acid  ...  ...     =  4*4  «i 

Ilalf -bound  or  volatile  carbonic  acid    ...  ...     =4*4  (#n  — 2y) 

Total  carbonic  acid  ...  ...  ..     =4*4  (2/»— /»') 

«i=c.c.  ^/20  sulphuric  acid  solution  required  to  obtain  end-point  with  methyl 

orange  or  lacmoid  in  100  c.c.  of  the  sample. 
j>'=c.c.  ^/20  sulphuric  acid  required  to  discharge  the  pink  colour  produced  by 
phenolphthalein  in  100  c.c.  of  the  sample. 
There  is  a  third  case  in  which  free  CO.^  might  exist  in  a  solution  containing 
free  mineral  acid,  and  for  which  Seyler  lias  given  a  method  with  its  corre- 
sponding formulae  for  calculating  the  results.  But  such  a  condition  would  seldom 
be  found  in  natural  waters. 

The  errors  affecting  the  accuracy  of  Seyler's  method  are  those  which  arise  in 
part  from  the  determination  of  the  free  COj.  The  end-point  in  the  titration  of 
the  sample  with  sodium  carbonate  and  phenolphthalein  is  not  entirely  satisfactory. 
The  results  obtained  are  usually  low,  but  with  care  and  practice  the  error  from 
this  source  should  be  less  than  2  to  3  parts  per  million,  even  with  considerable 
amounts  of  CO^,  and  on  small  amounts  it  is  less  still. 

The  error  due  to  the  determination  of  the  fixed  carbonic  acid,  from  which  the 
half-bound  is  derived,  arises  from  those  errors  involved  in  the  carrying  out  of 
Hehner's  method,  and  which  in  good  work  ought  not  to  exceed  1  to  2  parts 
per  million. 

4.     Carbonic  Acid  in  Aerated  Beverages,  etc. 

For  ascertaining  the  quantity  of  COg  in  bottled  aerated  waters,  such 
as  soda,  seltzer,  potass,  and  others,  the  following  apparatus  is  useful. 

Fig.  35  is  a  brass  tube  made  like  a  cork-borer,  about  five  inches  long,  having 
four  small  holes,  two  on  each  side,  and  about  two  inches  from  its  cutting  end ; 
the  upper  end  is  securely  connected  with  the  bent  tube  from  the  absorption  flask 
(fig.  36)  by  means  of  a  vulcanized  tube ;  the  flask  contains  a  tolerable  quantity 
of  pure  ammonia,  into  which  the  delivery  tube  dips  ;  the  tube  a  contains  broken 
glass  moistened  with  ammonia. 

Everjrthing  being  ready  the  hnss  tube  is  greased,  and  the  bottle  being  held  in 
the  right  hand,  the  tube  is  screwed  a  little  aslant  through  the  cork  by  turning 
the  bottle  round,  until  the  holes  appear  below  the  cork  and  the  gas  escai)es  int» 
the  llask.  When  all  visible  action  has  ceased,  after  the  bottle  has  b^n  well 
sliaken  two  or  three  timers  to  evolve  all  the  gas  that  can  be  possibly  eliminated, 
the  vessels  are  quietly  disconnected,  the  tube  a  n-ashed  out  into  the  llask,  and  the 
contents  of  the  bottle  added  also ;  the  whole  is  then  precipitated  with  calcium 
chloride  and  boiled,  and  the  precipitate  titrateil  as  usual.  This  gives  the  totsil 
C0.2  free  and  combined.* 

To  find  the  quantity  of  the  latter,  another  bottle  of  the  same  manufacture 
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iiiU9t  he  evaporated  to  drynew,  and  the  residue  ^ntly  ignited,  Ibpii  lilra(«d  will) 
11  >nnal  acid  snd  alkali ;  the  amount  of  CO,  in  the  uionocarbonate  deducted  from 
llie  total,  will  give  the  weij^ht  of  free  gas  ori)^nally  pre»pnt. 

The  volume  may  be  found  as  follon-s ;— loOO  cc.  of  COj  al  0°.  and  70  m.ui., 
wi^h  1-96663  gni'  Supponc.  therefare,  tlrnt  tlie  tetal  weight  of  CO:,  found  in 
n  Imllle  of  ordinary  rada  water  im^  2'8  gm.,  and  the  weight  combined  with  alkali 
U'  12 gm.,  this  Itav'c* 23« gm.  CO,  in  a  free atate— 

1-96663  :  238  :  :  1000  :  »■=  1210  c.t-. 

H  till!  niimlMT  of  c.c.  i>f  (-arliiiMic  acid  fuuiiil  in  ilividml  liy  the 
iiunihcr  of  c.i'.  of  Muilu  wntcr  con  tail  i<-il  in  the  liottlc  fXAmiiicil,  the 
midtieiit  will  \>f-  the  volume  of  gas  eoiiiiiftreil  with  tlint  iif  tliu  Boda 
wuter.  The  voliiniif  of  the  conteiitM  cjf  th«  hottlc  it)  awortaincd  hy 
iiiarkinK  the  heifiht  of  tlie  fltiiil  previous  to  innkiii};  th<!  exjteriineiit ; 
the  iKittlc  is  aftci'wunls  tilled  to  thu  fame  mark  with  vtiter,  ein|itied 
into  a  graduated  cylinder  nml  menstircd  ;  nay,  the  volume  was  292 
1  ■.!■-,  therefore 

1210 


=  4-14  voK  CO., 


B.  Carbonic  Aoid  in  Air. 
A  i\Ty  glass  glnlx!  or  lK)ttle  caj^hle  of  heiiig  securely  close  I  hy 
n  i'uh)>er  fito|)[KT,  un<l  holdhig  4  to  6  literR,  is  Hlled  with  the  air  to 
Ih<  tPHteil  by  mcana  of  a  l)ellowH  a!<|ijrati>r  :  liaryta  or  lime  wnter, 
er'titatiiing  n  little  Imriuiu  chloride,  iw  then  introduced  in  convenient 
iHmntity  and  of  known  streiifrth  as  comiwired  with  "/loo  ncid.*  The 
\  I'ssel  is  securely  closed,  and  tlie  liquid  allowed  to  flow  round  the  aides 
tit  intervals  during  lialf  an  hour  or  moif.     When  ahs(ir[>tion  is  judged 
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to  be  complete,  the  alkaline  solution  is  emptied  out  quickly  into  a 
stoppered  bottle,  and  the  excess  at  once  ascertained  in  a  measured 
portion  by  ^/loo  oxalic  or  hydrochloric  acid  and  turmeric  jwiper  as 
described  in  §  15.9.  The  final  calculation  is  of  course  made  on  the 
total  alkali  originally  used,  and  upon  the  exact  measurement  of  the 
air-collecting  vessel. 

It  is  above  all  things  necessary  to  ju'event  the  absori)tion  of  COg 
from  extraneous  sources  during  the  experiment,  especially  from  the 
breath  of  the  operator.  The  error  may  be  reduced  to  a  minimum  by 
carrying  on  the  titration  in  the  vessel  itself,  which  is  done  by  fixing 
an  accui-ately  graduated  i)ipette  through  the  cork  or  caoutchouc  stopper 
of  the  air  vessel,  to  the  upper  end  of  which  is  attached  a  stout  piece 
of  elastic  tube,  closed  with  a  pinch-cock  ;  and  this  being  filled  to  the 
0  mark  with  dilute  standard  acid  acts  as  a  burette.  The  baryta  or 
lime  solution  tinted  with  phenolphthalein  is  placed  in  the  air  bottle 
which  must  be  of  colourless  glass,  and  after  absorption  of  all  COj, 
the  excess  of  alkali  is  found  by  running  in  the  acid  until  the  colour 
disappears.* 

The  cork  or  stopper  must  have  a  s(|coii<l  opening  to  act  as  ventilator ; 
a  small  piece  of  glass  tube  does  very  well. 

If  a  freshlv  made  solution  of  oxalic  acid  is  used  containinoj  2*8636 
gm.  per  liter,  each  c.c.  represents  1  mgm.  CO.j.  The  licjuid  holds  its 
strength  correctly  for  a  day,  and  can  ])e  made  as  required  from  a  strong 
solution,  say  28-636  gm.  j^er  liter. 

Another  method  of  calculation  is,  to  convert  the  volume  of  ])aryta 
solution  decomposed  into  its  equivalent  volume  in  ^/lo  acid,  1  c.c.  of 
which  =  0*0022  gm.  COj,  or  by  measurement  at  0°  C.  and  760  m.m. 
pressure  represents  1*119  c.c.  The  method  above  described  is  a  com- 
bination of  those  of  Pettenkofer  and  Dalton,  and  though  much 
used,  is  liable  to  considemlJe  error  from  various  causes. 

These  errors  have  been  examined  by  Letts  and  Blake  (Proc.  Chem. 
Soc\  1896,  192),  more  especially  as  to  absorbing  the  C(.)2  by  baryta 
from  a  sample  of  air  collected  in  a  glass  vessel,  and  titmting  with 
acid,  and  show  that,  in  addition  to  the  more  obvious  sources  of  error, 
the  action  of  the  alkaline  absorbent  on  the  glass  is  one  of  importance. 

In  order  to  avoid  it,  they  coat  lx)th  the  receiver  containing  the  air 
sample  and  the  bottle  holding  the  stock  of  stan<lard  solution  of  baryta 
witli  j)arafiin  wax.  By  this  means  tliey  at  once  r»btiiined  more  con- 
cordant results  in  a  series  of  determinations.  They  then  proceeded  to 
test  the  degree,  both  of  accuracy  and  of  delicacy,  c>f  Pettenkofer's 
])rocess  if  can-ied  out  with  all  the  availal)lc  precautions  which  suggested 
themselves.  For  this  purpose  they  <»mployed  paraffined  receiving 
vessels,  an  apparatus  for  performing  the  titrations  in  a  vacuum,  and 
burettes  of  special  construction.  In  addition,  an  api>aiatus  was  used 
for  deliv(»ring  very  accurately  measured  volumes  of  pure  carbonic 
anhydride  into  known  volumes  of  air  previously  freed  from  tliat  gas. 

Experimenting  with  such   mixtures  of   the   two  as  occm*  in  air, 

*  Some  operators  prtfer  u  standard  mixture  of  caustic  soda  or  potosb,  containing  some 
barium  chloride  to  the  barrta  or  lime  solution .  This  is  adopted  by  S y  m o n s  and  Stephens 
with  ooetic  acid  us  control.  The  method  used  by  them,  aud  which  gives  excellent  results, 
is  explained  in  their  voluminous  paper  contributed  to  J.  C.  S.  Trun».,  1896,  pp.  869-881. 
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containing  alx)ut  3  vols,  of  CDj  in  10,000,  the  authors  show  that 
with  careful  work  the  mean  error  in  tlie  detemunations  need  not 
exceed  -  0*04  part.  The  actual  quantity  of  CO^  added  to  each  receiver 
full  of  air,  in  a  series  of  five  experiments,  amounted  to  0*927  c.c. ;  the 
mean  amount,  found  to  be  0*916  c.c,  giving,  therefore,  a  mean  error 
of -0*011  c.c. 

They  thus  show  that  Pettcnkofer's  process,  if  suitably  performed, 
is  one  of  great  accuracy  and  delicacy. 

A.  II.  Gill  in  a  report  from  the  Sanitary  and  Ga»  Analysis  I^bora 
tory  of  the  Technical  Institute  at  Boston,  U.S.A.  (Analygt  xvii.  184), 
gives  a  somewhat  mollified  arrangement  of  the  Pettenkofer  method. 
<)rdinary  green  glass  bo4tles  of  one  or  two  gallon  cajwicity  are  measured 
with  w^ater,  and  the  contents  in  c.c.  ascertaincMl  preferably  by  weighing 
on  a  good  balance. 

The  bottles  are  dried  before  being  used,  this  may  easily  lie  done  by 
rinsing  first  with  alcohol  or  methylated  s])irit,  draining,  then  rinsing 
Avith  ether,  an<l  after  again  draining  the  l)ottle  is  quickly  <lried  by 
lilowing  air  through  it  with  the  onlinary  laboratory  bellows.  If  this 
plan  is  not  used  they  must  be  dried  after  draining  well,  in  a  wann 
closet.  A  sj)e<'ial  form  of  bellows  for  filling  the  ]»ottle  with  air  is  used 
by  Gill,  but  the  usual  aspirator  made  on  tlie  acconlion  jiattern  suffices, 
or  a  small  fan  blower,  the  driving  parts  ul  wliich  wvv  connected  by 
rubber  Imnds  to  ren<ler  it  noiseless,  mav  be  used. 

The  bottle  is  fitted  with  a  rub])er  st<.)pper  carrying  a  glass  tube, 
closed  by  a  plug  of  solid  rubVuT. 

The  air  to  be  tested  is  drawn  into  the  bottle  by  repeated  use  of  the 
aspirator  so  as  to  collect  a  representative  sample,  and  if  the  ti'st  is 
made  in  a  room  everything  should  be  (piiet,  and  care  nnist  be  taken 
to  avoid  draughts  or  the  jutiximity  of  a  numl)er  of  i)ersons. 

Method  of  Puocedukk  :  50  cc.  of  the  standard  barium  hydrate  are  wui  into 
the  bottle  rapidly  from  a  burette  (the  tip  jwisHinj^  entirely  throu^^h  the  tube  iu 
the  stopper),  the  nipi>le  replaced,  and  the  solution  sjiread  completely  over  the 
sides  of  the  iwttle  while  waitinji^  three  minutes  for  the  draining  of  the  burette, 
Ix'fore  reading,  unless  it  l>e  j^raduated  to  deliver  .50  c.c.  The  bottle  is  now  ]>laced 
upon  its  side,  and  sliaken  at  intervals  for  forty  to  sixty  miiuites,  taking  care  tliat 
the  whole  surface  of  the  Iwttle  is  moistened  with  the  solution  each  time.  The 
absor])tion  of  the  last  traces  of  CO-  is  very  slow  indee<l,  half  an  hour  in  many 
cases  beinif  insufticient. 

At  the  time  at  which  the  barium  solution  is  add(Ml,  the  temi)erature  and  pressure 
should  be  noted.  At  the  end  of  the  above  jKjriod,  shake  well  to  ensure  homo- 
geneity of  the  solution,  remove  the  cap  from  the  tulx?,  and  invert,  the  large  bottle 
quickly  over  a  60  or  70  c.c.  j^lass  stoppered  bottle,  so  tliat  the  solution  shall  come 
in  contact  with  the  air  as  little  as  possible.  Without  waiting  for  the  bottle  to 
drain,  withdraw  a  portion  of  15  or  25  c.c.  with  a  narrow-stemmed  spherical-bulbed 
pipette  and  titrate  with  sulphuric  acid*  (1  c.c.  =  l  m^m.  COj),  usin^  rosolic  acid 
as  an  indicator.  Tlie  difference  between  the  numlwr  of  c.c.  of  standard  acid 
recjuired  to  neutralize  the  amount  of  liarium  hydrate  {e.g.,  50  c.c.)  before  and 
after  absorj>tion,  pives  the  number  of  milligrams  of  CO^  present  in  the  bottle. 

*  Sulphiuic  acid,  in  distinction  t■^  oxalic  acid»  enables  one  t»  estimate  the  excess  of  barium 
hydrate  in  presence  of  the  8asi>ended  barinm  carbonate,  and  also  of  caustic  alkali,  which  is 
a  frequent  un purity  of  commercial  barium  h^dr  ite.  Professor  Johnson,  in  the  American 
ediiion  of  Fresenius'  (^\uLniitaixvt  .inalysM,  calls  attention  to  the  fact  that  the  normal 
alkaline  oxalates  decompose  the  alkaline  earthy  carbonates,  so  th  it  the  reaction  continue  < 
alkaline  if  the  least  trace  of  soda  or  potash  he  present.  The  sulphuric  acid  may  be  prepared 
by  diluting  46*51  c.o.  normal  sulphuric  acid  to  a  liter. 


104  VOLUMETRIC  ANALYSIS.  §  23. 

Tliis  is  expressed  in  cubic  centimeters  under  standard  conditions,  and  divided 
by  the  capacity  of  the  bottle  under  standard  conditions,  and  the  results  reported 
in  parts  per  10,000.  To  reduce  the  air  in  the  bottle  to  standard  conditions, 
a  hy^n^metric  measurement  of  the  air  in  the  room  from  which  the  sample  was 
taken  is  necessary.  This  in  ordinary  cases  is  usually  omitted,  as  the  object  of 
the  investigation  is  comparative  results,  as  regards  the  efficiency  of  ventilation, 
and  the  rooms  in  the  same  building  would  not  vary  appreciably  in  the  amount  of 
moisture  in  the  atmosphere.  This  correction  may  make  a  difference  of  about 
0-15  parts  per  10,000. 

iViiother  method  on  the  same  principle  i.s  to  attach  ahiilh  apjiaratus, 
containing  a  measured  quantity  of  baryta  or  lime  water,  to  an  aspirator 
hottle  filled  with  water;  the  tap  of  the  bottle  is  opened  to  such  an 
extent  as  to  allow  the  air  to  bubble  through  the  test  solution  at 
a  moderate  rate.  The  pi*oces8  of  titration  is  the  same  as  above.  This 
method  takes  longer  time,  and  the  volume  of  air,  which  should  not  be 
less  than  five  or  six  liters,  is  ascertained  by  measuring  the  volume  of 
water  allowed  to  nin  out  of  the  aspirator,  and  the  rate  of  flow  being 
regulated  so  that  from  two  to  three  hours  is  recjuircd  to  pass  the  above 
volume  of  air.  If  a  flask,  fitted  with  tubes,  is  used  in  place  of  the 
]}ulb  apparatus,  the  titration  may  l)e  done  without  transferring  the 
test  solution. 


6.     Scheibler's  Caloimeter  for  the  estimation  of 

Carbonic  Acid  by  Volume. 

This  apparatus  is  adapted  for  the  estimation  of  the  CO2  contained 
in  native  carbonates,  as  well  as  in  artificial  products,  and  has  been 
specdally  contrived  for  the  purpose  of  readily  estimating  the  COg  in 
the  bone-black  used  in  sugar  refining.  The  principde  upon  which 
the  appamtus  is  founded  is  simply  this  : — That  the  quantity  of  COg 
contained  in  calcium  car])onate  may  be  used  as  a  measure  of  the 
quantity  of  that  salt  itself ;  and  instead  of  determining,  as  has  usually 
been  the  case,  the  quantity  of  gas  l)y  weight,  this  aj)j)aratus  admits  of 
its  estimation  by  volume  ;  and  it  is  by  this  means  possible  to  perform, 
in  a  few  minuter,  (operations  whicli  would  otherwise  take  hours  to 
accomplish,  while,  moreover,  the  operator  need  scarcely  possess  any 
knowledge  of  chemistry.  The  results  obt^iined  by  this  apparatus  are 
sjiid  to  be  correct  enough  for  technical  purposes. 

The  a]>paratus  is  sho^vn  in  fig.  37,  and  consists  of  the  following 
l)art8  : — 

The  jj'lass  vessel.  A,  serves  for  tlie  decomi)osition  of  the  material  to  he  tested 
for  CO2,  which  for  that  purpose  is  treated  with  dilute  KCl ;  this  acid  is  contained, 
l)revious  to  the  experiment,  in  the  giitta  percha  vessel  x.  The  glass  stopper  of  A 
is  perforated,  and  throii^'h  it  finnly  passes  a  ^lass  tube,  to  which  is  fastened  the 
india-rubber  tube  r,  by  means  of  which  communication  is  opened  with  B,  a  bottle 
Imving  three  openings  in  its  neck.  The  central  opening  of  this  bottle  contains 
ji  glass  tube  (r)  firmly  fixed,  which  is  in  communication,  on  the  one  hand,  with 
A,  by  means  of  the  flexible  india-rubber  tube  already  alluded  to,  and,  on  the 
other  hand,  inside  of  B,  ^ith  a  very  thin  india-rubber  bladder,  K.  The  neck  (q) 
of  the  vessel  B  is  shut  off  during  the  experiment  by  means  of  a  i)iece  of  india- 
rubber  tubing,  kept  firmly  closed  with  a  spring  clamp.  The  only  use  of  this 
opening  of  the  bottle  B,  arranged  as  described,  is  to  give  access  of  atmospheric 


8  2S. 


CAHBOSIC   ACIll  AND   CAltBOXATES. 


:or. 


air  to  llie  interior  of  the  botlle.  if  required.  The  otlier  ojieninic  in  i[i  coinmiinica- 
tioti  with  the  meainmnK  afiparatiix  C.  it  very  nocunih'  rylindricsl  trhiw  tube  of 
ISO  c.c.  mliaeilv.  divided  into  O'S  <'.r. :  the  lower  portion  of  thin  tube  C  in  in 
rommiminitiim  witli  th«  tube  P,  xervinK  (lie  luirpoHe  of  controlUiif;  Hie  prewure 
of  the  g»9.  The  lower  part  of  thifl  lube  1)  enda  inaftlawi  tube  of  anialler  diameter. 
ti)  whicli  is  fa^teiied  (he  india-nih))er  tube  ;>>  leading  to  E,  hut  the  eoinmuuimtion 


helwpeil  theiH^  jiarti"  of  tin-  a]i|ianilu<  is  rloifHl.  n*  seen  nl  ji.  by  means  of  a  iijirinif 
claiii]'.  B  is  B  Halpr  rescnoir,  and  iiti  rciiioviil  iif  the  I'laiiip  at  fi,  llie  wnler 
c'liutailied  in  C  and  D  ninx  off  lonards  E  ;  wlii'ii  it  ix  dfi'in'd  to  fonv  the  wnler 
eiiiitaiiied  in  E  iutu  C  and  D,  tliis  eaii  be  n'a<lily  done  liy  Mrm-in^'  with  ilic  luoiilii 
into  V,  and  openint;  tlic  rUliip  at  p. 

Preeise  direetions  fur  the  use  of  Ihin  iiislmnient  are  insued  by  tlie  niakcTS  and 
need  not  be  tvpeatcd  here.  It  luu  Ihk-ii  consideml>ly  ni<eil  fur  teehnicat  purpowv. 
but  is  liable  to  neriouK  emin,  for  which  various  eurrertion»  luiYC  to  W  tnade,  but 
eii-n  then  there  is  nxnn  for  considerable  iuiprovemeut. 
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This  improvement  has  been  made  by 
1898,  p.  1106),  anil  the  apparatus  is  shown  i: 
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Marshall  (J.  S.  C.  I., 
fig.  38. 


rig.  38. 


It  coiisisU  ot.^i  tsv*  reduclioii^luU'  M,  nnd  a  ineasiiriutt  tube  E,  nliicli  both 
[<u<8  through  corks  to  the  bottom  of  llie  Woulff's  bottle  U,  which  is  so  fitted 
that  the  |ire»>ure  of  sir  in  it  csu  be  nccnnitelv  »]iu.''ted.  It  rontains  mme 
refined  pelroleuni  oil  of  high  boiliug  point,  which  can  be  forced  into  the  tuben 
M  and  E.  M  contains  Huch  a  i|UaDtitv  of  air  that,  if  it  were  reduced  to  OP  C. 
nnd  760  m.ni.  pressure,  it  would  just  fill  the  tube  down  to  a  certain  mark  on  it. 
The  tube  E  is  graduated  in  Cllhic  eeiitimelers.  sod  iti  fitted  st  the  top  with 
a  thiec-way  cnck  of  specisl  design,  by  niimis  nf  which  Jt  can  be  brought  Into 
(.-ommunication  either  with  the  atinosjdiere  or  nitli  the  tube  G,  which  leads  to 
tlie  Keneratiug  vessel  A.  BratichiiiK  out  (^  G  is  the  mercury  innnonieter  D, 
ivhicTi  enables  one  lo  adjust  the  pressure  iunide  A.  G,  aud  E  till  it  is  equsl  to  the 
atmoepheric  pressure.  The  geiierstiag  vessel  A  is  fitted  with  a  well-ground 
tubulated  stopjier,  and  cont^us  a  small  glass  tiil)e  B  to  hold  the  acid.  It  is 
inserted  in  the  glass  water-bath  C,  which  should  contain  cold  nster. 

Briefly  sfated,  an  estimation  is  conducted  as  follows :— The  carbon  dioxide  is 
generated  bv  the  action  of  a  smnll  volume,  I  c.c,  of  concentrated  bydrueliloric 
acid  on  a  n-eiglieil  (jiiautity  of  the  substances  lo  be  tested;  01  to  08  or  more 
gm.  should  1>e  taken,  acvordiug  to  (he  iiercentsge  of  carbonic  scid  it  contsins. 
A  mixture  of  air  and  carbon  dioxide  pa^wes  over  into  the  measuring  tube  E. 
When  tlie  action  is  comjilele,  the  pressure  ia  adju.''ted,  till  the  manometer  D 
shows  thai  it  is  equal  tu  tint  oC  tlie  atmosjiltere.  Tlie  cock  is  tlien  turned  off 
Hud  the  pressure  in  again  adjusted,  till  the  liquid  stands  in  M  at  the  highest 
graduation.  The  volume  in  E  is  then  read  off.  This,  without  any  correction 
whatever,  is  tlie  volume  of  carban  dio.\itte  contained  in  the  substance  taken. 
The  whole  operation  does  not  tike  more  than  ten  to  fifteen  minutes. 

The  gas  reduction  tube  E  acts  on  the  same  |irtuciple  as  tliat  in  Luiige'«  n'ell- 
kuowu  "gas  volumeter."  Tu  give  absolutely  accurate  results  the  level  of  liquid 
in  M  and  B  should  be  the  same.  Tlie  density  of  the  |)etroleum  is,  however,  so 
small  that  the  error  from  this  cause  never  amounts  to  more  than  0'3  e.e.  with  an 
ajiparatus  having  the  dimeiwiotts  selected  by  the  inventor. 
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Garbou  dioxide  i»  slightly  soluble  even  in  heavy  ))etroleum  oil,  but  the  solution 
prooeeds  very  slowly.  In  the  case  of  this  apparatus,  if  the  printed  instmctions 
be  fafOowed,  only  a  dilute  mixture  of  carbon  dioxide  can  (»me  in  contact  with 
the  petroleum.  The  error  due  to  this  cause  therefore  falls  Mrell  within  the  limits 
of  experimental  error  due  to  other  causes. 

The  error  due  to  the  solubility  of  carbon  dioxide  in  hydrochloric  acid  is 
reduced  to  a  minimum  by  employing;  a  small  quantity  of  concentrated  acid ; 
using  1  c.c.  of  acid  of  1*17  sp.  gr.  it  does  not  amount  to  more  than  0*5  c.c.  This 
error  is  in  an  opposite  direction  to  tliat  due  to  the  inequality  of  tlie  levels  in  the 
tubes  M  and  E.  Conse<}uentlv  it  is  to  a  gn'M  extent  neutralized  by  the  latter. 
Concentrated  hydrochloric  acid  dissolves  less  carbon  dioxide  than  the  same  volume 
of  dilute  acid. 

If  the  generating  vf»ssi»l  A  be  not  kfpt  cool  a  notable  quantity  of  hydrogen 
chloride  is  expelled  from  it,  and  is  slowly  real)sorbed  as  the  apftaratus  cools  down 
again.  This,  of  course,  would  interfert^  with  the  accuracy  of  the  process. 
During  the  action  the  vessel  should  therefore  l)e  kept  immersed  in  cold  water. 
The  cold-water  bath  also  tends  to  prevent  the  tem|)erature  of  the  generating 
apparatus  var)'ing  to  any  |)erce{»tiblc  ext4Mit.  Any  (*rn)r  due  to  the  latter  cause 
is,  in  addition,  greatly  reduced  by  the  small  volume  of  the  generating  ap])aratus, 
which  is  not  more  tlian  10()  v.c. 

The  following  are  the  chief  advantages  of  tiie  apparatus  describ«Ml  -.— 

1.  The  quantity  of  carbon  dioxide  dissoiveil  in  the  acid  is  redurcnl  to 
a  minimum  by  using  a  small  ([iiantity  of  conct>ntrated  tuiid. 

2.  No  corrections  have  to  1k»  m:u\v  for  tem|K*ratun*  and  pressun* ;  con- 
8e<juently  no  n'ading  of  thermometer  or  barometer  need  l)e  taken. 

3.  The  total  volume  of  the  generating  and  measuring  apiwiratus  In'ing  less 
than  100  c.c,  and  the  g«*nerating  vessel  lx*ing  iinmers<nl  in  a  considenible 
quantity  of  cold  water,  tlie  voluin<»  of  the  air  inside  it  cAunot  changi*  <luring 
a  determination  to  an  extent  sulliaient  to  intr(Kiu(M>  a  i)en'e])til)le  error. 

4.  The  ap{)aratiu4  is  (juite  siin])le,  and  although  no  banmieter  or  thermometer 
i»  required  the  results  an'  considerably  morr;  aa!urate  tlian  those  obtaintnl  with 
Scheibler*s. 

To  determine  the  jHTctMit'ige  of  CaCOa  in  any  suljstanc*?,  weigii  out  ai-curately 
0*224  gm.  and  i»n)<.*<*e<i  as  above.  The  volume  found,  multiplitHl  l)y  2,  givc»s  the 
per  cent,  of  CaCOg. 

CITRIC  ACID. 

eV);ii^x  11,0  =  210. 

§  24.  TiUH  acid  in  the  hw  stat<"  may  readily  l>e  titmted  with 
nonual  80<la  and  jjlieiiolphtlialein.  1  c.c.  uornial  alkali  --  0*07  '^m. 
crvstallized  citric  acid. 

1.  Citrates  of  the  Alkalies  and  Earths.    Tliest^  eitmtes  mav  1h> 

treated  with  neutral  solution  of  UkuX  nitrate  or  acetate,  in  the  absence  of  other 
acida  precipitable  by  lead.  The  lead  citrate  is  wa.'^hed  with  a  mixture  of  eqiuil 
parts  alcohol  and  water,  the  precipitate  susjumhUmI  in  water,  and  H.^S  jiassed  into 
it  till  all  the  lead  is  eonv<'rte<l  into  sulpliide;  the  clear  licpiijl  is  then  boilecl  to 
remove  1I..S,  and  titrated  with  normal  alkali. 

2.  Fruit  Juices,  etc.— If  tiirUiric  i.n  present,  together  with  free 
citric  acid,  the  former  in  tirst  .sej)arated  as  potassium  bitailrate,  which 
<'aii  very  well  he  (h»ne  in  the  [ire.sonce  of  citric  acid. 

^  Method  of  PnocKuruE:  A  cold  sjitunitinl  pnxif  .»<pirit  solutii>n  of  potiissiuni 
acetate  is  added  to  a  somewhat  strong  wdution  of  the  mixed  acids  in  pr(M)f  spirit, 
in  sufficient  (piantity  to  sejjarate  all  the  tartaric  acnd  as  bitartrate,  which  after 
stirring  well  is  allowe<l  to  stand  .some  hours ;  the  preci])itate  is  then  transferred 
to  a  filter,  and  first  wa.shed  with  proof  spirit,  then  rinsed  off  the  filter  with 
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a  cold  saturated  solution  of  potassium  bitartiatei  and  allowed  to  stand  some 
hours,  with  occasional  stirring;  this  treatment  removes  any  adhering  citrate. 
The  bitartrate  is  again  brought  on  to  a  filter,  washed  once  with  proof  spirit,  then 
dissolved  in  hot  water,  and  titrated  with  normal  alkali,  1  c.c.  of  which =0*15  gm. 
tartaric  acid. 

The  first  filtrate  may  be  titrated  for  the  free  citric  acid  present  after 
evaporating  the  bulk  of  the  alcohol. 

3.  liiine  and  Ijemon  Juices.— The  citric  acid  contained  in 
lemon,  lime,  and  similar  juices,  may  be  very  fairlv  estimated  by 
Warington's  method  (/.  0.  S.  1875,  934). 

Metuod  of  Pkoceduke:  15  or  20  c.c.  of  ordinary  juice,  or  3—4  c.c.  of 
concentrated  juice,  are  first  exactly  neutralized  with  pure  normal  soda,  made  up, 
if  necessary,  to  about  50  c.c,  heated  to  boiling  in  a  salt  bath,  and  so  much 
solution  of  calcium  chloride  added  as  to  be  slightly  in  excess  of  the  organic  acids 
present.  The  mixture  is  kept  at  the  boiling  point  for  about  half  an  hour,  the 
precipitate  collected  on  a  filter  and  washed  with  hot  water,  filtrate  and  washings 
concentrated  to  about  15  c.c,  and  a  drop  of  ammonia  added;  this  will  produce 
a  further  precipitate,  which  is  collected  separately  on  a  very  small  filter  by  help 
of  the  previous  filtrate,  then  ^-ashed  with  a  small  quantity  of  hot  water.  Both 
filters,  with  their  precipitates,  are  then  dried,  ignited  at  a  low  red  heat,  and  the 
ash  titrated  with  normal  or  ^/lo  acid,  each  c.c  of  which  represents  respectively 

007  or  0007  gm.  H3Ci  +  IIoO. 

FORMIC  ACID. 

HCOOH  =  46. 

§  25.  H.  C.  Jones  {Amer.  Chem,  Jour.  xvii.  539  -  541)  has  worked 
<mt  a  method  which  though  not  acidimetric  may  be  quoted  here.  It 
is  based  on  a  jn'oct-ss  originally  devised  by  Pean  de  Saint-Gilles, 
by  titration  with  j>ermanganat(;  in  the  presence  of  an  alkaline 
carbonate.  Lie  ben  confirmed  this,  using  a  more  elaborate  process. 
The  method  is  on  the  same  principle,  l)ut  tlie  procedure  differs  from 
that  of  Lichen. 

Method  of  Phoceduwe:  llie  solution  containing  the  formic  acid  is  made 
alkaline  with  Na^COs,  warmed  and  an  excess  of  standard  permanganate  added. 
All  the  formic  acid  is  thus  oxidized,  and  a  precipitate  of  manganese  h3'droxide 
thrown  down.  The  solution  is  acidified  with  IIoSO^,  and  a  measured  volume  of 
oxalic  acid  run  in  until  all  the  precipitate  has  dissolved  and  the  permanganate 
disapi)eared.  The  excess  of  oxalic  acid  is  then  titrated  with  standard  perman- 
ganate. A  volume  of  oxalic  acid  etjual  to  that  taken  is  also  titrated  with  the 
pennanganate  solution,  and  the  difference  between  the  result  and  the  total 
})eniianganate  used  gives  the  (juautity  of  permanganate  required  to  oxidize  the 
fonnic  acid.  The  experimental  results  agree  well  among  themselves  and  with 
those  obtained  bv  other  methods. 

The  author  further  shows  that  Saint-Gilles'  statement  that  oxalic 
acid  can  be  titmted  in  acid  solution  in  the  presence  of  formic  acid  is 
mireliable,  since  fonnic  acid  is  also  oxidized  to  some  extent  by  the 
jjcrmanganate  mider  these  conditions. 

F.  YvQ.yi'.Y  {Chein,  Zeif,  xix.  1184),  having  occasion  to  determine 
the  formate  in  a  mixture  of  calcium  acetate  and  formate,  has  devised 
the  following  method. 

Method  of  Pbocedube  :  The  mixed  calcium  salts  are  distilled  with  dilute 
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ifulphuric  &eid  in  a  current  6f  steam  until  the  distillate  is  no  longer  acid ;  an 
aliquot  portion  of  the  distillate  is  titrated  with  alkali  to  determine  the  total  acid, 
whilst  another  portion  is  evaporated,  if  necessary,  with  excess  of  caustic  soda  to 
■concentrate  it,  and  is  treated  as  follows :  10  to  20  c.c,  containing  about  0*5  gm. 
of  formic  acid,  are  heated  for  half  an  hour  to  an  hour  with  50  c.c.  of  a  0  per- 
cent, solution  of  jmtassium  bichromate  and  10  c.c.  of  concentrated  Hul]>huric  acid 
in  a  flask  provided  with  an  inverted  condenser.  The  liquid  is  now  made  up  to 
200  c.c,  and  the  unaltered  chromic  acid  determined  in  10  c.c.  of  it.  For  this 
purpose,  1  t«  2  gm.  of  pure  potassium  iodide,  10  c.c.  of  a  25  i)er-cent.  solution 
of  phosphoric  acid,  and  some  water  are  added ;  and  after  five  minutes  the  solution 
is  diluted  to  about  100  c.c.  with  boiled  water,  and  titrated  with  "/lo  thiosulphate 
solution  in  the  usual  manner.  The  phosphoric  acid  is  added  according  to 
Meineke's  recommendation,  and  is  for  the  purpose  of  rendering  the  change 
from  the  blue  colour  of  the  iodide  of  starch  to  the  green  of  the  chromium  salt 
more  visible ;  the  commercial  glacial  acid  may  be  dissolved  in  water,  oxidized  by 
potassium  permanganate  until  it  has  a  faint  rose  colour,  and  flltereil  before  being 
used. 

The  bichromate  solution  uf»ed  for  the  oxidation  is  titrated  in  the  same  wav. 
One  mol.  potassium  bichromate  is  equivalent  to  three  mols.  formic  acid. 

Tlie  results  (juotcd  by  the  author  show  that  the  method  is  fairly 
accurate,  both  in  the  absence  and  in  presence  of  acetic  acid. 

HYDROPIiUORIC  ACID,  SIIilCOPIiUORIC  ACID, 

AND  FliUOBIDES. 

1  c.c,  of  »/i  alkali  =  0-02  gni.  of  HF  =  0-024  gni.  of  H^SiF^,. 

§  26.  Commercial  hydrofluoric  acid,  which  is  now  a  not  incon- 
aiderable  article  of  commerce,  is  as  a  rule  far  from  purt^  It  generally 
contains  in  addition  to  hydrofluoric  acid,  silicofluoric  acid,  sulphuric 
acid,  sulphurous  acid,  and  frecjuently  traces  of  iron  and  lead.  Two 
analyses  of  commercial  acid  gave  the  following  figures  : — 

1.  2. 

Hydrofluoric  acid 48*00  45-80 

Silicofluoric  acid 13-05  9*49 

Sulphuric  acid 4-07  3-23 

Sulphurous  acid  0-49  1-06 

Txift  on  eva|X)ration 0*1 6  

Water  ])y  difl'erence     34*23  40-42 


100-00  10000 

If  it  is  desired  to  prepare  pure  acid,  tlni  best  way  is  to  add  to  the 
commercial  acid  peroxide  of  hydrogen  till  it  ceases  to  bleach  iodine, 
and  tben  potassic  hydric  fluoride  suflicient  to  fix  all  the  silicofluoric 
and  sulpburic  acids.  Re-distil lation  in  a  h»a<l  retort  with  a  platinum 
condenser  will  then  give  perfectly  pure  acid. 

The  total  amount  of  free  aci<l  may  be  estimated  with  normal  alkali 
(preferably  potash),  using  phenol|>hthaIein  or  litmus,  the  former  is 
best.  Methyl  orange  and  lacmoid  (h)  not  give  good  results.  In  the 
case  of  pure  acid,  each  c.c.  of  ^/^  alkali  indicat<\s  0*02  gm.  of  IIF, 
and  the  reaction  when  phenolphthalein  is  employed  is  v<»ry  sharp. 
When,  however,  commercial  acid  is  thus  titmted  a  ditt'erenco  is 
observed ;  the  pink  colour  obtained  on  adding  the  alkali  (.)nly  endures 
for  a  second  or  so  and  then  fades  away,  and  this  may  be  re[)eated  for 
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some  time  till  at  last  a  permanent  pink  is  produced.  The  cause  of 
this  is  the  pi-esence  of  silicofluoric  acid.  The  first  appearance  of 
pink  ensues  when  the  reaction  HgSiFg  +  KgO  =  KgSiFg  +  HgO  occurs. 
Then  another  reaction  sets  in 

K2SiF,  +  .,K20  =  (KF),  +  Si()^ 

but  from  the  shght  sohibility  of  the  potassium  silicofluoride  some  time 
elapses  before  it  is  complete. 

The  sulphuric  and  sulphurous  acid  must  also  be  estimated  if  the 
real  amount  of  HF  is  required. 

Estimation  of  Sulphuric  Acid  in  Presence  of  Hydrofluoric 

Acid  (W.  B.  Giles).  Long  experience  has  convinced  the  author  of  this  new 
process,  that  all  methods  depending  upon  the  supposed  solubility  of  barium 
fluoride,  and  the  corresponding  insolubility  of  the  sulphate  in  either  hot  or  cold 
diluted  hydrochloric  acid  give  most  erroneous  results.  For  instance,  a  sample  of 
hydrofluoric  acid  known  to  contain  4  "/^of  H28O4  ^vas  treated  in  the  way  described 
byFresenius,  using  a  large  volume  of  hot  dilute  hydrochloric  acid,  and  the 
precipitate  was  copiously  washed  with  the  same  weak  acid.  The  barium  pre- 
cipitate obtained  was  equal  to  608  °l^  of  SO3  or  over  50  %  more  than  was  present,  and 
it  ^\'as  found  that  on  repeatedly  moistening  the  precipitate  with  dilute  H3SO4,  and 
re-igniting,  that  the  weight  increased  materially,  showing'co-precipitation  of  barium 
fluoride.  The  author  therefore  devised  the  foUo^ving  process  for  the  estiihation 
of  the  SO3  which  gives  accurate  results*.     Its  basis  is — 

1.  The  conversion  of  HF  into  HaSiFg,  which  is  easily  accomplished. 

2.  The  precipitation  of  the  SO3  from  this  solution  by  means  of  lead  silicofluoride. 

3.  The  total  insolubility  of  PbS04  in  a  solution  containing  an  excess  of  the 
said  lead  salt. 

Method  of  Phocedfke:  A  convenient  weight  of  the  hydrofluoric  acid  is 
placed  in  a  platinum  dish,  about  lialf  its  volume  of  water  is  added,  and  then  pre- 
cipitated silica  in  evident  excess,  and  the  whole  is  allowed  to  stand  with  occasional 
stirring  for  a  few  hours.  It  is  then  filtered,  using  an  ebonite  funnel,  into  another 
suitable  platinum  basin,  and  the  excess  of  silica  thoroughly  ^vashed,  the  filtrate  and 
washings  are  then  evaporated  to  a  convenient  bulk,  and  solution  of  lead  silico- 
fluoride is  added  in  excess.  If  the  least  trace  of  sulphuric  acid  was  contained  in 
the  acid  origiiLally,  an  almost  immediate  precipitate  of  PbS04  will  form,  as  it  is 
exceedingly  insoluble  in  the  presence  of  the  lead  silicofluoride.  The  solution  is 
allowed  to  stand  an  hour  or  two,  and  the  PbS04  separated  by  filtration,  when  it 
can  of  course  be  treated  in  any  convenient  voliuuetric  way  for  the  estimation  of 
the  lead,  or  it  may  l)e  weighed  direct. 

Lead  silicofluoride  is  easily  prepared  by  saturating  commercial  HF  with  coarsely 
powdered  flint  in  a  lead  basin,  and  then  jigitating  with  powdered  litharge.  Its 
solubility  is  very  great,  and  the  S2)ecific  gravit  v  of  the  solution  may  reach  2*000 
or  more. 

Example  :  To  37'89  gm.  of  chemically  pure  HF  of  1250  sp.  gr.  there  was 
added  25  c.c.  of  normal  acid  =  TO  gm.  8O3.  The  mixture  was  then  treated  as 
de<cribe<i  above,  and  gave  PbS04  3782  gm.  =  l-C002  gm.  of  SO3. 

Estimation  of  the  Silicofluoric  Acid.-  To  a  convenient  quantity  of 
the  acid  contained  in  a  i)latinum  dish,  a  solution  of  potassium  acetate  in  strong 
methylate<l  spirit  is  added  in  excess,  and  then  more  si)irit  is  added,  so  that  there 
may  be  about  equal  volumes  of  liquid  and  spirit.  Allow  to  stand  for  several 
hours,  and  then  filter  and  \^'asli  with  a  mixture  of  half  spirit  and  half  water.  The 
resulting  ]K)tassium  silicofluoride  may  then  be  titrated  with  normal  alkali  according 
to  the  equation  : 

KgSiFe  +  aCK.O)  =  (KF)64-SiO., 

or  if  the  filter  was  a  weighed  one,  it  may  be  dried  at  100^  (.'.  and  weighed  direct. 

Example  :  2  gm.  of  chemically  pure  precipitated  silica  were  dissolved  in  a  large 
excess  of  pure  diluted  HF.     Treated  as  above  descril)ed,  it  yielded  7'35  gm.  of 
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KjSiFs  wliich  eciuals  2'004  ^n.  of  silica  ;  2  ^ni.  of  some  powdered  flint  treated  in 
the  same  \vay  with  50  jfm.  of  pure  II F  (of  40  °  «)  gave  7168  gra.  of  K2SiF8= 
liJSS  gn\.  of  sihca. 

Sulphurous  Acid.— This  is  easily  estimated  by  taking  the  solution  which 
results*  from  the  total  acidity  determination  and  titrating  with  decinomial  iodine. 
Commercial  hydrofluoric  acid  j^nerally  contaia**  from  0'5  to  2'0**/o. 

The  amount  of  eacli  of  the  imi)urities  l)eing  thus  known,  the  per- 
centage of  real  HF  is  easily  calculated ;  e,g,y  10  gm.  of  an  acid  was 
found  to  neutralize  276*0  v.c  of  normal  alkali.  It  was  found  to  give 
the  following  results  :~^ 

cc.  normal  alkali    8-0=    3-2.3  SO^ 

„      390=   9-36  HgSiF^ 
276  -  47  =  229  c.o.  x  002  =  45-80  7   HF. 

41-6r/H./)bv  difference 


10000 
In  til  is  instance  the  amount  of  SO^  was  not  allowed  for. 

Blfluorides.— These  salts  have  lately  been  used  to  some  extent  on 
the  Continent  by  <UstilIers.  They  may  he  titrated  in  the  same  way  as 
the  acid  with  phcnolphthalein.  Tliey  genemlly  contain  some  silico- 
fluoride.* 

Tlie  estimation  of  fluorine  in  solu])le  fluorides  has  been  done 
volumetric^lly  by  Knobloch  (Phann.  Zoitiihriff  xxxix.  558).  The 
process  is  based  on  the  foll(»wing  facts  :  — 

When  a  solution  of  ferric  chlori<le  is  mixe<l  with  its  ecjuivalent 
quantity  of  potassium  fluoridij  the  decomposition  is  complete,  and  the 
resulting  ferric  fluoride  solution  is  colourless.  In  this  sUite  the  iron 
is  not  detecUible  by  such  t(»sts  as  thi<K'yanate,  sjdicylic  acid,  etc.  Still 
more  interesting  is  the  fact  that  ferric  flnr)ride  does  not  liberate  iodine 
frr)m  iodides. 

The  following  stan«lard  solutions,  etc,  are  recpiired  :    - 

^ lio  potassium  flur»rid<' ;  5-809  gm.  of  the  pure  ignited  salt  in 
a  liter  of  water. 

^/oo  solution  of  ferric  chl<»ritle,  which  the  author  |)repared  ))y 
diluting  19  gm.  of  tlic  olticinal  ferric  ('hlori<le  of  the  Prussian 
phannacopaMa  t«)  a  liter. 

^/ao  '**'>dium  thiosidphate  solution. 

Zinc  iodide  solution,  made  by  mixing  10  gm.  of  iodine,  5  gm.  of 
zinc  ix)wder,  and  25  c.c.  of  water  in  a  fiask,  and  warming  till  the 
viohiut  action  is  over  and  the  solution  colourless,  then  diluting  U^ 
40  c.c.  and  filt<'ring. 

Metuod  of  Procedurk  :  The  licpiid  containing'  the  fluorides  in  .solution  is 
mixed  with  a  known  excess  of  ferric  chloride  solution,  then  with  excess  of  zinc 
iodide,  and  allowed  to  remain  in  a  closed  vessel  at  35  —  40^  C.  for  half  an  hour; 
the  lil)erated  iodine  is  then  titrated  with  thiosulphate.  The  volume  of  the  latter 
used  is  deducted  from  that  of  the  ferric  chloride — the  difference  is  the  measure 
of  the  fluorine,  1  c.c.  thiosulphate =00019  pm.  F. 

•  The  whole  of  this  section,  to  this  point,  is  kindly  contrihuted  hy  W.  B.  Gilep,  F.I.C., 
who  has  luid  'arjfe  practical  experience  on  the  subjects  treated. 


112  VOLUMETRIC  ANALYSIS.  §  27. 

The  author  states  tliat  calcium  and  strontium  in  their  sohible  salts 
may  also  be  estimated  by  the  same  method  by  acidifying  their  solutions 
with  hydrochloric  acid,  adding  equal  volumes,  first  of  potassiimi 
fluoride  and  then  ferric  cldoride  soluti(ms  in  excess,  excess  of  zinc 
iodide  is  then  added,  and  digested  at  35  —  40**  C.  and  the  lil>erated 
iodine  ascertained  as  before,  1  c.c.  of  thiosulphate  =  0*002  Ca. 

None  of  these  reactions  have  been  verified  by  me,  but  the  method 
as  given  here  is  novel,  and  probably  capable  of  l)eing  develoj>ed  by 
experience. 

A  very  interesting  i)aper  on  the  acidimetry  of  hydrofluoric  acid  is 
contributed  by  Haga  and  Osaka  (/.  C.  S.  xvii.  xviii.  251),  being  the 
residts  of  independent  experiments  made  by  them  in  the  laboratory 
of  the  Imperial  University,  Japan. 

The  authors  examined  the  behaviour  of  the  usual  indicator  in  the 
neutralization  of  hydrofluoric  acid.  That  its  alkali  salts  blue  litnius, 
and  that  its  avidity  number  places  it  among  the  vegetable  acids  mther 
than  with  the  strong  mineral  acids,  api>ear  to  be  the  only  two  facts 
yet  recorded  bearing  upon  its  acidimetry. 

To  get  uniform  indications  it  was  foimd  necessary  to  have  not  oidy 
the  acid  pure,  l)ut  the  titrating  solutions  also ;  a  little  silica,  alumina, 
or  carbon  dioxide  affecting  the  titration  more  than  it  would  in  the  case 
of  the  ordinary  mineral  acids. 

Phenolphthalein  is  the  best  indicator,  and  leaves  nothing  to  be 
■desired  when  potash  or  soda  is  used  for  the  titration.  Rosolic  acid  is 
almost  equal  to  it,  and  can  be  used  also  with  ammonia.  With  both 
indicators  the  change  of  colour  has  the  advantage  of  being  very 
evident  in  platinum  vessels.  Methyl  oiange  is  useless.  Litmus, 
lacmoid  and  phenacetolin  are  all  caj)able  of  being  made  to  yield 
accurate  residts  in  the  hands  of  an  experienced  operator. 

The  fact  that  accurate  results  can  only  be  o])tained  with  very  pure 
acids  and  reagents,  militates  against  the  value  of  any  acidimetric 
process,  and  therefore  the  indirect  method  by  Giles,  described  above, 
is  of  greater  technical  value. 

OXALIC  ACID. 

C^H2042H20  =  126. 

§  27.  The  free  acid  can  be  accurately  titrated  with  normal  alkali 
and  phenolphthalein. 

Procedure  when  in  combination  witu  alkalies:  The  acid  can  be  pre- 
cipitated with  calcium  chloride  as  calcium  oxalate,  where  no  other  matters  occur 
precipitable  by  calcium ;  if  acetic  acid  ia  present  in  slight  excess  it  is  of  no 
consequence,  as  it  prevents  the  precipitation  of  small  quantities  of  sulphates. 
The  precipitate  ia  well  washed,  dried,  ignited,  and  the  carbonate  titrated  with 

normal  acid,  1  c.c.  of  which =0063  gm.  6. 

Acid  oxalates  are  titrated  direct  for  the  amount  of  free  acid.  The 
reaction  continues  to  l>e  acid  until  alkali  is  added  in  such  j^roportion 
that  1  molecule  acid  =  2  atoms  alkali  metal. 

The  combined  acid  may  be  found  by  igniting  the  salt,  and  titrating 
the  residual  alkaline  carbonate  as  above. 
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FHOSFHOBIC    ACID. 

§  28.  Free  trilxasic  pliosphoric  aci<l  cannot  1x5  titrated  4lii'ectly 
witli  normal  alkali  in  tho  same  n)anner  as  most  free  aci<ls,  owing  to 
the  fact,  that  when  an  alkali  base  (so<la,  for  instance)  is  added  to  the 
4ici<l,  a  cond)ination  ocelli's  in  which  at  one  and  the  same  time  ivd  litmus 
pajwr  is  turned  blue  and  )»lue  red.  This  fact  has  Iw^en  repeatedly 
noticed  in  the  cas<'  of  scmie  specimens  (►f  urine,  also  in  milk.  In 
order,  therefore*,  to  estimate  phosphoric  acid,  or  alkaline  phosphates, 
alkalimetrically,  it  is  necessary  to  ]>revent  the  formation  of  soluble 
phosphate  of  alkali,  and  to  ])rinj^  tlie  acid  int^>  a  definite  comi)ound 
with  an  alkaline  (»arth.     Such  a  method  gives  fairly  good  n\sults. 

Method  of  PBOCKurBE:  The  solution  of  free  acid,  or  ib<  a<;id  or  neutnil 
-combination  with  alkali  in  a  somewliat  dilute  state,  is  placed  in  a  fla^k,  and 
a  known  volume  of  normal  alkali  in  excess  added,  in  order  to  convert  the  whole 
of  the  acid  into  a  hanio  salt ;  a  drop  or  two  of  rosolic  acid  is  added,  then  sufficient 
neutral  barium  chloride  poured  in  to  combine  with  all  the  phosphoric  acid,  the 
mixture  is  heated  nearly  to  boiling' ;  and,while  hot,  the  excess  of  alkali  is  titrate<l 
with  normal  acid.  The  susi)ende<l  barium  phosphate,  toj^tiier  with  the  li(pud, 
ix)8se8ses  a  rose-red  colour  until  the  last  drop  or  two  of  acid,  after  (M)ntinuous 
heating,  and  ajfitation,  gives  a  ]>ermancnt  white  or  slightly  yellowisli,  milky 
appearance,  when  the  [)rocess  is  ended. 

The  volume  of  normal  alkali,  less  the  volume  of  acid,  represents  the  amount  of 
alkali  required  to  convert  the  ])iiosplioric  acid  into  a  chemically  neutral  salt,  e.ff., 
trisodium  phospliate.  1  c.c.  alkali  =002366  gm.  V^Oy  In  dealing  with  small 
ipiantities  of  material,  it  is  better  to  us<»  "^/^  or  ^/lo  standard  solutions. 

Thomson  has  shown  in  his  researches  on  the  indicAt(>rs,  that 
phosphoric  acid,  either  in  the  free  sUite,  or  in  cond)ination  with  sahi 
or  potash,  nmy  with  very  fair  accuracy  be  estimate<l  by  tin*  help  of 
methyl  orange  and  jdienolphthalein.  Jf,  for  instan(;e,  nornml  potash 
l)e  added  to  a  soluti<m  of  phosphoric  acid  until  the  pink  ccdour  of 
methyl  orange  is  discharged,  KIljPO^  is  forme<l  (112  KH()  =  142 
P2O..,).  If  now  phenoljdithalein  is  added,  and  the  a<ldition  of  pot^i.sh 
^•ontinued  until  a  red  colour  occui*s,  K..HP()^  is  formed.  (Again  112 
KII()=142  1*2^)5.)  On  adding  stan<lar<l  hydrochloric  or  suli»huric 
ncid,  until  the  pink  colour  of  methyl  orange  reappears,  the  titration 
with  standard  i)ot<ish  may  be  repeat^ul. 

Many  attempts  have  been  made  to  utilize  these  reactions  for  tin* 
accurate  t»8timation  of  l\,()^,  in  manures,  etc.,  but,  so  far  as  my  own 
exiwrience  goes,  without  adecpiate  su(!cess. 

Titration  as  Ammonio-magiiesian  Phosphate. — S  tol  ba  (diem. 
Cent.  1866,  727,  728)  adopts  an  alkalimetric  metho<l,  which  depen<ls 
upon  the'  fact,  that  one  moh*cule  of  the  doubh?  salt  reijuires  two 
molecules  of  a  mineral  acid  for  saturatiou. 

Method  of  Procedure  :  Tiie  precipitation  is  made  witii  magnesia  mixture, 
the  precipitate  well  washed  with  anunonia,  and  the  latter  completely  removed  by 
washing  with  alcohol  of  50  or  60  |H'r  cent.  The  ])recipitate  is  then  dissolved  in 
a  measured  excess  of  ^/lo  acid,  methyl  orange  added,  and  the  amount  of  acid 
required  found  by  titration  with  ^/lo  alkali.  Care  must  be  taken  that  all  free 
Ammonia  is  removed  from  the  filter  and  ]>recipitate,  and  that  the  whole  of  the 
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double  salt  is  decomposed  by  the  acid  before  titiation,  which  may  always  be 
insured  by  usinj^  a  rather  large  excess  and  warming.  The  titration  is  carried 
on  cold. 

This  method  lias  given  me  very  good  results  in  comparison  with  the 
gisvimetric  method.  The  same  process  is  applicable  to  tlie  estimation 
of  arsenic  acid,  and  also  of  magnesia. 

I  c.c.  of  ^/lo  acid  =  0*00355  gm.  PgO^ 
„  „  =  0-00575  gm.  AsgOg 

„  „  =  0-002      gm.  Mg() 

The  reaction  in  the  case  of  phosphoric  acid  may  he  expressed  as 
follows : — 

Mg  (XH,)  PO,  +  2HC1  =  (XH,)  H^PO^  +  MgCl.,. 

Determination  of  Fhosphorio  Aoid  in  its  Pure  Solutions.- - 

K.  Segalle  (Z.  a.  C.  xxxiv.  33-39)  has  investigated  various  methods  for  the 
above  purpose  with  the  following  result : — 

By  far  the  most  accurate  results  are  obtained  byGlucksmann's  method.  In 
this,  the  phosphoric  acid  is  precipitated  by  an  excess  of  magnesia  mixture  of 
known  strength  in  free  ammonia,  the  precipitate  filtered  off,  and  the  free  ammonia 
left  in  solution  is  titrated  by  standard  acid.    From  the  equation — 

H3PO4  +  MgS04  +  3NH3=MgNH4P04  +  (NH4),S0, 

it  will  be  seen  that  H3P04=3NH3. 

The  following  modification  is  recommended  as  being  more  convenient  and 
simple.  To  the  phosphoric  acid  solution,  contained  in  a  graduated  flask,  an 
excess  of  standard  ammonia  (preferably  normal)  is  added,  followed  by  an  excess 
of  a  saturated  neutral  solution  of  magnesium  sulphate.  The  liquid  is  then  diluted 
to  the  mark,  well  sliaken,  and  filtered,  and  the  residual  ammonia  titrated  in  an 
aliquot  part,  of  the  filtrate. 

On  account  of  it«  8imi)licity,  the  modified  method  is  well  adapted  for  ascer- 
taining the  strength  of  the  solutions  of  phosphoric  acid  employed  in  pharmacy. 

SUIiPHUBIC    ANHYDBIDE. 

S(  >.^  =  80. 

g  i^9.  N  ORDHAUSEN  or  fuming  sulphuric  acid  consists  of  a  mixture 
of  8O3  and  H.^SC)^.  AVhon  it  is  rich  in  8O3  it  occurs  in  a  solid  fonn, 
and  being  very  hygroscopic  cannot  be  weighed  in  the  onlinary  manner. 
Its  strength  is  therefore  best  taken  in  the  way  recommended  by  M esse  1 
as  follows  : — A  very  thin  bulb  tube  with  capillary  ends  is  inserted  into 
a  l»ottle  of  the  melted  acid.  The  ends  are  bent  like  the  letter  /,  the 
bulb  being  in  the  middle.  The  bottle  should  be  of  such  size,  that 
one  end  of  the  tube  ])rojocts  out  of  its  mouth.  As  soon  as  the  bulb 
is  tilled,  the  uj)per  capillary  end  is  sealed,  the  tube  lifted  out,  wiped, 
inverted,  and  the  other  end  sealed  ;  the  tube  is  then  carefully  wij>ed 
with  blotting  pa})er  till  dry  and  clean,  then  weighed.  A  stoppered 
bottle,  just  large  encnigb  to  allow  the  tube  l)eing  placed  loosely  inside 
it,  is  then  about  one-third  tilled  with  water,  the  tube  gently  inserted, 
the  stopper  repla(!ed,  held  firmly  in  by  the  hand,  and  a  vigorous  shake 
given  so  as  to  break  the  tube.  A  sudden  vibration  occurs  from  contact 
of  the  acid  vdi\\  the  water,  but  no  danger  is  incurred.  A  white  cloud 
is  seen  on  the  sides  of  the  bottle,  which  disappears  on  shaking  for 


§  30.  TAKTARIC  ACID.  115 

a  few  minuto9.  After  tlie  bottle  is  cooled  the  contents  are  emptied 
into  a  measuring  flask.  An  aliquot  portion  is  then  token  out  and 
titrated  with  '^/xo  ioiline  for  SOj,  wliicli  is  always  present  in  small 
quantity  :  another  i)ortion  is  titrated  with  standard  alkali  and  metliyl 
orange  for  sidphuric  acid.  No  other  indicator  is  available,  and  as 
Lunge  has  pointed  out  (Zeif,  Angew,  Chem,  1895,  221),  neutrality  is 
reached  when  the  acid  sulphite  is  fonued,  and  not  when  the  whole  of 
the  SO^,  i.s  neutralized. 

TABTABIC    ACID. 

0^1^0^  =  150. 

8  30.  The  free  acid  mav  Ixi  readilv  titrated  with  nonnal  alkali  and 
phenol  phthalein. 

1  c.c.  alkali  =  0*075  gni.  tartaric  aci<l. 

The  amount  of  tartaric  acid  existing  in  tartaric  acid  liquors  is  best 
estimated  by  pre<!ipitatioii  as  jxitassium  bitartrate  ;  the  same  is  also 
the  case  with  cnide  argols,  lees,  etc.  Manufacturers  are  indebted  to 
Wariiigton  and  ( Jrosjeau  for  most  exhaustive  jmijers  on  this  subject, 
to  which  reference  should  be  made  by  all  who  desin*  to  study  the 
nature  and  analysis  (A  all  ccmimercial  comjM)uiids  of  citric  and  tartaric 
acids  (Warington,  /.  C.  S.  1H75,  925-994  ;  (Jrosjean,  /.  C.  S.  1879, 
341-356). 

AVithout  <*nt«Ming  into  the  copious  details  and  explanations  given  by 
thesf»  authorities  tbe  methods  may  be  summarized  as  follows  : — 

1.     Commeroial  Tartrates. 

In  the  case  of  giKxl  clean  tjirtars,  even  though  they  may  contiiin  nulplmtes  and 
carbonates,  accurate  reHults  niay  be  obtained  by  indirect  methodn. 

(a)  Tlie  very  finely  powdered  8am])le  in  firHt  titrated  with  normal  alkali,  and 
thuj«  the  amount  of  tartaric  acid  exb^ting  as  bitartrate  \»  found  ;  another  portion 
of  the  sanijile  is  then  cah!ined  at  a  moderate  heat,  and  the  a»h  titrated.  By 
deducting  from  the  volume  of  acid  m  used  the  volume  used  for  bitartrate,  the 
amount  of  Ijase  corresj>ondinj;  to  neutral  tartrates  is  obtained. 

(A)  The  whole  of  the  tartaric  acid  is  exa<'tly  neutralized  with  caustic  soda, 
evaporated  to  dryness,  calcined,  and  the  ash  titrated  with  normal  acid ;  the  total 
tartaric  acid  is  then  calculated  from  the  voliune  of  standard  acid  used  ;  anv  other 
organic  acid  present  will  naturally  Ix*  included  in  this  amount.  In  the  case  of 
fairly  pure  tartars,  etc.,  this  jirobabh?  error  may  1h^  disregarde<l. 

Method  of  Procedurk  (a)  :  5  gm.  of  the  finely  powdered  tartar  are  heate<l 
with  a  little  water  to  dis,Molve  any  carbonatt*s  that  may  be  jiresent.  If  it  is  wi.shed 
to  guar<l  against  crvstalline  carbonates,  5  i'a\  of  standard  Ht.'l  are  added  in  the 
first  iimtance.  and  tlie  heatinjf  is  conducted  in  a  covered  l>eaker.  Standard  alkali 
is  next  ad«le<l  to  the  extent  of  aljout  three-fourths  of  the  amount  required  by 
a  good  tartar  of  the  kind  examined,  plus  that  e(|uivalent  to  the  acid  us(*d,  and  the 
wh(»le  is  brought  to  Ixnlinjf ;  when  nearly  cold,  the  titration  is  finished.  From 
the  amoimt  of  alkali  consumed,  minus  that  re(|uire<l  by  the  IICl,  the  tartaric  acid 
present  as  acid  tartrate  is  calculatt^l. 

2  jfm.  of  the  iK)wdere<l  tartar  are  next  weighe<l  into  a  platinum  crucible  with 
a  well-fitting  lid;  the  crucible  is  placed  over  an  argand  burner;  heat  is  first 
applied  very  j^ntly  to  dry  the  tartar,  and  then  more  strongly  till  inflammable 
gas  ceases  to  l)e  evolved.     The  heat  should  not  rise  above  very  low  redness.    The 

I  2 
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black  ash  is  next  removed  with  water  to  a  beaker.  If  the  tartar  is  known  to  be 
a  good  one,  20  c.c.  of  standard  H2SO4  are  now  run  from  a  pipette  into  the  beaker, 
a  portion  of  the  acid  being  used  to  rinse  the  crucible.  The  contents  of  the  beaker 
are  now  brought  to  boiling,  filtered,  and  the  free  acid  determined  with  standanl 
alkali.  As  the  charcoal  on  the  filter  under  some  circiunstances  retains  a  little 
acid,  even  when  well  washed,  it  is  advisable  when  the  titration  is  completed  to 
transfer  the  filter  and  its  contents  to  the  neutralized  fluid,  and  add  a  further 
amount  of  alkali  if  necessa^>^  From  the  neutralizing  power  of  a  gram  of  burnt 
tartar  is  subtracted  the  acidity  of  a  gram  of  unburnt  tartar,  both  expressed  in  c.c. 
of  standard  alkali,  the  difference  in  the  neutralizing  power  of  the  bases  existing 
as  neutral  tartrates,  and  is  then  Ctalculated  into  tartaric  acid  on  this  assumption.* 
If  the  tartar  is  of  low  quality,  5  c.c.  of  solution  of  h\'drogen  j)er6xide  (1  volume 
=  10  volumes  O)  are  added  to  the  black  ash  and  water,  and  immediately  after- 
wards the  standard  acid ;  the  rest  of  the  analysis  j)roceeds  as  already  described  ; 
the  small  acidity  usually  belonging  to  the  peroxide  solution  must,  however,  be 
known  and  allowed  for  in  the  calculation.  By  the  use  of  hydrogen  peroxide  the 
sulphides  formed  during  ignition  are  reconverted  into  sulphates,  and  the  error  of 
excess  which  their  presence  would  occasion  is  avoided. 

The  above  metliotl  does  not  give  the  sepamte  amounts  of  acid  and 
neutral  tartrates  in  the  presence  of  carbonates,  but  it  gives  the  correct 
amount  of  tartaric  acid ;  it  is  also  correct  in  cases  where  free  tartaric 
acid  exists,  so  long  as  the  final  results  show  that  some  acid  existed  as 
neutral  salt.  Whenever  this  method  shows  that  the  acidity  of  the 
original  substance  is  greater  than  the  neutralizing  power  of  the  a.sh, 
it  will  be  necessary  to  use  the  method  ^,  which  is  the  only  one  capable 
of  giving  good  results  when  the  sample  contains  much  free  tartaric 
acid. 

For  the  estimation  of  total  tartaric  acid  in  wine  lees  and  in  mw 
tartars,  the  following  method  is  very  generally  adopted  : — 

Method  of  Procedure  :  6  gm.  of  the  finely  powdered  sample  are  placed  in 
a  100  c.c.  flask,  and  9  c.c.  of  hydrochloric  acid  diluted  to  a  density  of  I'l  are 
added ;  this  is  left  for  about  two  hours  at  the  ordinary  temperature.  The  acid 
extract  is  then  diluted  to  100  c.c,  well  shaken,  and  filtered  through  a  dry  filter. 
50  c.c.  are  then  placed  in  a  covered  beaker,  and  18  c.c.  of  a  solution  of  20  i)er 
cent,  potassium  carbonate  is  added,  the  whole  is  then  heated  until  the  precipitated 
carbonate  of  lime  is  properly  deposited.  This  precipitate  is  filtered  off,  washed 
with  boiling  water,  and  the  clear  liquid  evaporated  down  to  about  15  c.c.  in 
a  porcelain  crucible.  After  cooling,  3  c.c.  of  glacial  acetic  acid  are  added,  shake 
well,  and  let  stand  for  the  night.  100  c.c.  of  alcohol  at  94-96  i)er  cent,  must  then 
be  added  while  stirring ;  the  precipitated  tartaric  acid  is  filtered,  washed  with 
alcohol,  and  finally  dissolved  in  boiling  water.  The  liquid  may  then  be  titrated 
with  semi-normal  potash.  In  the  case  of  tartars,  or  tartrates  of  lime,  3  gm.  of 
the  sample  should  be  taken  and  digested  with  9  c.c.  of  h\'drochloric  acid.  The 
solution  is  made  up  to  10^3*5  c.c,  and  50  c.c  of  this  liquid  taken  for  the  estimation. 

A  modification  of  the  above  process  has  been  devised  by 
Moszczenski  (/.  S.  C.  I.  1898,  p.  215),  which  is  shorter  and 
more  accurate. 

Method  of  Procedure  :  The  substance  to  be  tested  must  be  ground  very 
finely  and  treated  with  sufficient  quantity  of  H2SO4  (10-15  per  cent),  avoiding 

*  It  ia  obvious  that  the  neutralizing  power  of  the  ash  of  an  acid  tartrate  is  exactly  the 
same  as  the  acidity  of  the  same  tartrate  before  burning.  In  making  the  calculations,  it 
must  be  remembered  that  the  value  of  the  alkali  in  tirtaric  acid  is  twice  as  great  in  the 
calculation  made  fr-^m  the  acidity  of  the  unburnt  tartar,  as  in  the  calculation  of  the  acid 
existing  as  neutral  tartrates. 
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at  the  same  time  uimecesaary  excess,  not  to  increase  beyond  need  the  bulk  of  the 
ultimate  cream  of  tartar  and  potassium  sulphate  precii)itate.  This  amount  of 
H2SO4  varies  with  the  nature  of  tartaric  acid  compounds  to  be  tested.  1  mol.  of 
])ota8sium  bitartrate  needs  1*7  mol.  of  H2SO4  (10  per  cent.)  for  \{»  complete 
decomposition  into  tartaric  acid  and  K2SO4 ;  calcium  tartrate  requires  less  H28O4. 
With  ordinary  materials  it  is  safe  to  ase  26  c.c.  of  13  i>er  cent.  H2SO4  for  5  gm. 
of  ar^ls,  lees,  or  cream  of  tartar. 

It  is  not  necessary  to  let  H5SO4  act  long  on  the  material  to  be  tested ;  with 
careful  stirring  a  few  miimtes'  action  is  sufficient,  whereupon  the  mixture  is 
transferred  into  a  flask.  It  is  convenient  to  use  5  gm.  of  substance,  fill  up  to 
250  c.c.  with  alcohol  of  90  |)er  cent.,  and  filter  off  200  c.c. ;  but  those  proportions 
can  of  course  be  clianged  without  affecting  the  results,  using  necessary  judgment 
and  making  corre8|)onding  clianges  in  the  corrections  mentioned  below.  It  is 
very  imiwrtant,  however,  not  to  let  the  alcoholic  solution  containing  free  sulphuric 
and  tartaric  acid  stand  too  long,  as  this  would  make  the  results  too  low,  prolmbly 
l)ecause  of  fonnation  of  ethybited  tartaric  acid,  which  on  addition  of  jiotassium 
acetate  would  not  l)e  transformed  into  cream  of  tartar. 

Tlie  alcoholic  solution  is  transferred  to  a  poreelain  dish,  suflftcient  quantity  of 
alcoholic  potassium  acetate  added,  and  well  stirred.  To  reduce  the  solubility  of 
the  ]K)ta8siinn  bitartrate  thim  fonned  in  alcohol,  add  5  c.c.  of  concentrated  KCl 
solution.  Working  with  argols  or  lees,  it  is  easy  to  find  the  jwint  when  enough 
]H)tassiuui  acetate  has  l)een  added  by  observing  the  cliange  of  colour  from  pure 
red  into  pale  bluish-reil  which  then  fakes  place.  After  the  precijiitate  lias  settled, 
])our  off  a  little  of  the  supernatant  liquid  in  a  test  tube  and  add  a  few  drops 
of  potassium  acetate  solution,  which  should  not  form  any  further  precipitate. 
Having  thus  ascertainiHl  that  the  amount  of  pota<*siuin  acetate  used  is  sufficient, 
the  precipitate  is  left  to  stand  for  at  least  six  hours,  then  washeil  with  strong 
alcohol,  and  titrated. 

If  in  tilling  up  to  a  certain  volume  with  alcohol  the  volume  of  solid  matters 
has  not  been  taken  in  account,  a  corresponding  correction  lias  to  l)e  made  on  the 
result**.  In  testing  lees  or  argols,  the  volume  correction  lias,  in  most  cases,  been 
found  to  lx»  al)out  12  c.c.  for  5  gm.  of  substance. 

Another  correction  lias  to  be  made  to  cover  the  losses  by  solubility  of  cream  of 
tartar  in  alcohol.  IJsing  5  gm.  of  substance,  filling  up  to  250  c.c.  with  90  per- 
cent, alcohol,  and  filtering  off  200  c.c,  those  losses  amount  to  0*320  gm.  of  tartaric 
acid,  which  should  be  added  to  the  result.  The  results  obtained  with  this  method 
are  in  most  cases  a  few  tenths  of  a  per  cent,  lower  tlian  those  found  by  the 
l>receding  acid  method. 

2.     Tartaric  Aoid  Liquors. 

( >hl  factory  liquoi*s  ciuiUiiii  a  gr«*at  variety  of  Hubstaiices  gradually 
iicciiinulated,  from  which  the  actual  tarUiric  acid  can  only  be  separated 
as  hitiirtratc  by  the  following  j>rocess  :  -  - 

Method  of  Pkockdube  (r) :  A  quantity  of  liquor  containing  2  4  gm.  of 
tartaric  acid,  and  of  30-40  c.c.  volume,  is  treated  with  a  saturated  solution  of 
neutral  potassium  citrate,  added  drop  by  drop  with  constant  stirring.  If  free 
sulphuric  acid  is  present  no  precipitate  is  at  first  produced ;  but  as  soon  as  the 
acid  is  satisfied,  the  bitartrate  begins  to  appear  in  streaks  on  the  sides  of  the 
vessel.  When  this  is  seen,  the  remainder  of  the  citrate  is  measured  in  to  avoid 
an  undue  excess  :  4  c.c.  of  a  saturated  solution  of  {mtassium  citrate  ^ill  be  found 
sufHcient  to  jirecipitate  the  maximum  of  4  gm.  of  tartaric  acid  sup])osed  to  be 
l»resent.  If  the  liquor  contain  a  great  deal  of  sulphuric  acid,  a  fine  precipitate 
of  potassium  sulpliate  will  precede  the  formation  of  bitartrate,  but  is  easily 
distinguished  from  it.  With  liquors  rich  in  sulphuric  acid,  it  is  advisable  to  stir 
the  mixture  vigorously  at  intervals  for  half  an  hour,  then  proceed  as  in  3  r/. 

Gr  OS  jean  modifies  this  process  by  precijntating  the  liquor  with  an  excess  of 
calcium  carl)onate,  then  boiling  the  mixture  with  excess  of  potassium  oxalate. 
By  this  means  the  alumina,  iron,  phosphoric  and  sulphuric  acids  are  thrown  down 
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with  the  oalcium  oxalate,  and  the  precipitate  allows  of  ready  titration.  The 
separation  as  bitartrate  then  follows,  as  in  c2. 

fiorntr&ger  (Z.  a.  C.  1898,  477)  tried  to  ascertain  how  far  the  process 
worked  out  by  Warington  and  Grosjean  is  suitable  for  the  estimation  of 
tartaric  acid  when  citric  acid  is  also  present.  Mixtures  containing  0*6  to  4  gm. 
of  potassium  bitartrate  with  0*5  to  5  gm.  of  citric  acid  and  5  gm.  of  potassium 
chloride  were  neutralized  whilst  hot  by  potash,  cooled,  made  up  to  50  cc,  and 
6  o.c.  of  a  50  per-cent.  solution  of  citric  acid  added,  stirred  until  a  precipitate 
i^peared,  and  left  until  the  next  day  before  filtering.  The  precipitates  were 
washed  with  a  10  per-cent.  solution  of  potassium  chloride  saturatcNi  with  potassium 
iMtartrate,  and  finally  twice  with  potassium  chloride  alone  before  titrating. 

It  was  found  that  the  mixture  of  0*5  gm.  of  tartrate  and  5  gm.  of  citric  acid 
gave,  under  these  conditions,  no  precipitate,  but  that  a  precipitate  appeared 
when  an  additional  gram  of  citric  acid  was  added.  In  the  cases  where  the  citric 
acid  originally  present  did  not  amount  to  more  than  twice  as  much  as  the  tartrate, 
the  use  of  6  gm.  of  citric  acid  as  the  precipitating  agent  gave  fairly  close  quanti- 
tative results,  but  when  the  amounts  of  tartrate  and  (original)  citric  acid  were 
about  equal,  3  gm.  of  citric  acid  sufficed  for  the  precipitation. 

The  following  rule  is  therefore  laid  down ;  such  a  quantity  of  the  mixture  is  to 
be  taken  as  corresponds  in  total  acidity  with  3  gm.  of  citric  acid.  It  is 
neutralized,  etc.,  as  above  and  precipitated  with  3  gm.  of  citric  acid.  Should  the 
amount  of  tartrate  found  be  more  than  double  that  of  the  citric  acid  found,  the 
operation  must  be  repeated  with  the  addition  (to  the  original  mixture)  of  enough 
citric  acid  to  restore  approximate  equality.  Should,  on  the  other  hand,  the 
amount  of  tartrate  found  be  less  than  half  the  citric  acid  found,  equality  must 
be  restored  by  adding  a  weighed  quantity  of  tartrate. 

3.    Very  impure  Lees  and  Argols. 

Grosjean  (J.  C.  S,  1879,  341)  gives  a  succinct  method  for  the 
treatment  of  these  substances,  based  on  Warington *s  original  oxalate 
process,  the  principle  of  which  is  as  follows  : — 

The  finely  ground  sample  (= about  2  gm.  tartaric  acid)  is  first  moistened  >rith 
a  little  water,  heated  to  100"^  C,  then  digested  for  16  minutes  or  so  with  an  excess 
of  neutral  potassium  oxalate  (the  excess  must  not  be  less  than  1*5  gm.),  and 
nearly  neutralized  with  potash.  After  repeated  stirring,  the  mixture  is  trans- 
ferred to  a  vacuum  filter,  and  the  residue  washed;  the  liquid  so  obtained  contains 
all  the  tartaric  acid  as  neutral  pota.ssium  tartrate ;  excess  of  citric  acid  is  added, 
which  precipitates  the  whole  of  the  tartaric  acid  as  bitartrate,  and  the  amount  is 
found  by  titration  with  standard  alkali  in  the  usual  way. 

One  of  the  chief  difficulties  in  treating  low  qualities  of  material  is  the  filtration 
of  the  nearly  neutral  mixture  above  mentioned.  Grosjean  adopts  the  principle 
of  Casam'a  jor's  filter  {C.  N.  xxxii.  45),  using  an  ordinary  funnel  with  either 
platinum,  lead,  or  pumice  di.*»c;  but  whether  this,  or  Bunsen's,  or  other  form 
of  filter  is  used,  the  resulting  filtrate  and  washings  (which  for  2  gm.  tartaric  acid 
should  not  much  exceed  50  cc.)  are  ready  for  the  separation  of  the  bitartrate  in  the 
folloAving  improved  ^\•ay  :  — 

(d)  To  the  50  cc.  or  so  of  cold  solution  5  gm.  of  powdered  i)ota8sium  chloride 
are  added,  and  stirred  till  dissolved :  this  rendersthe  subsequent  precipitation  of 
bitartrate  very  complete.  A  50  per-cent.  solution  of  citric  acid  is  then  mixed 
with  the  Uquid  in  such  proportion,  that  for  every  2  ^m.  of  tartaric  a(;id  an  equal, 
or  slightly  greater  amount  of  citric  acid  is  present.  By  continuously  stirring, 
the  whole  of  the  bitartrate  comes  down  in  ten  minutes  (Grosjean);  if  the 
temperature  is  much  above  16°,  it  is  preferable  to  wait  half  an  hour  or  so  before 
filtering.  This  operation  is  best  done  on  the  vacuum  filter,  and  the  washing  is 
made  with  a  5  per-cent.  solution  of  potassium  chloride,'  satiu^ted  at  ordinary 
temperature  with  potassium  bitartrate ;  if  great  accuracy  is  required,  the  exact 
acidity  of  the  solution  should  be  found  by  ^/lo  alkali,  and  the  washing  continued 
until  the  washings  show  no  greater  acidity,  thus  proving  the  absence  of  citric 
acid.     Finally,  the  >vashed  precipitate  is  gently  pressed  into  a  cake  to  free  it  from 


§  31.  COMBINBD  ACIDS  AND   BASES.  119 

eioMs  of  liquid,  transferred  to  a  beaker  with  the  filter,  hot  water  added,  and 
titrated  with  standard  alkali. 

The  troublesome  filtration  can  be  avoided  in  many  cases  by  taking  30—40  gm. 
of  substance,  and  after  decomposition  by  oxalate,  and  neutralizing  with  potash, 
making  up  the  volume  to  150  or  200  cc,  adding  water  in  corresponding  pro- 
portion to  Uie  bulk  of  the  residue,  then  taking  an  aliquot  portion  for  precipiUition. 
A  blank  experiment  made  by  Grosjean  in  this  way,  gave  a  volume  375  cc.  for 
the  residue  in  10  gm.  Ices.  Other  things  being  equal,  therefore,  30  or  4 )  gm. 
may  respectively  be  made  up  to  101  and  215  cc,  then  50  cc  taken  for 
precipitation. 

BSTIMATION    OF    COMBINBD    ACIDS    AlTD    BASBS 

IN    NEUTBAL    SALTS. 

§  31.  This  comprehensive  method  of  determining  the  quantity  of 
acid  in  neutral  comjK^unds  (but  not  the  nature  of  the  acid),  is  applicable 
oidy  in  those  cases  where  the  base  is  perfectly  precipitated  hy  an 
excess  of  caustic  alkali  or  its  carbonate.  The  number  of  bodies  capable 
of  beinj;  so  precipitatetl  is  very  large,  as  lias  been  proved  by  the 
researches  of  Langer  and  Wawnikiewicz  (Arm.  Chem,  u.  Phar. 
1861,  239),  who  seem  to  have  worked  out  the  method  very  carefully. 
These  chemists  attribute  its  origin  to  liun8(»,n  ;  but  it  does  not  seem 
certain  who  devised  it.     The  best  method  of  procedure  is  as  foll(»ws  :  — 

The  substance  is  weighed,  dissolved  in  wator  in  a  30v)-cc.  flask,  heated  to  boiling 
or  not,  as  may  be  desirable ;  normal  alkali  or  its  carbonate,  a<XM)rding  to  the 
nature  of  the  base,  is  then  sidded  from  a  burette,  until  the  whole  is  decidedly 
alkaline.  It  is  then  diluted  to  300  cc.  and  put  aside  to  settle,  and  100  c.c  arc 
taken  out  and  titrated  for  the  excess  of  alkali ;  the  remainder  multiplied  by  3, 
gives  the  measure  of  the  acid  (rjnibined  with  the  original  salts,  i".<?.,  supj>osing  the 
precipitation  is  complete. 

Example  :  2  gm.  crvstals  of  barium  chloride  were  dissolved  in  water,  heated 
to  boiling,  and  20  cc.  nonnal  sodium  carbonate  added,  diluted  to  300  cc  and  100 
cc  of  the  clear  liquid  titrated  with  normal  nitric  acid,  of  which  1'2  cc  \\^ia 
reijuired ;  altogether,  therefore,  the  2  gm.  required  10"4  cc  normal  alkali ;  this 
multiplied  by  0122  gave  20008  gm.  BaClj  2HoO  instead  of  2  gm. ;  multiplied 
by  the  factor  for  chlorine  003537,  it  yielded  0*58(X)7  gm.  Theory  re<inires 
0-5S09  gm.  chlorine. 

The  following  substances  have  been  submitted  to  this  mode  of 
examination  with  satisfactory  results  :  - 

Salts  of  the  alkaline  earths  precipitated  with  an  alkaline  carbonate 
while  boiling  hot. 

Salts  of  magnesia,  with  pure  or  carbonated  alkali. 

Alum,  with  carbonattj  of  alkali. 

Zinc  salts,  boiling  hot,  with  the  siime. 

Copper  salts,  boiling  hot,  with  pure  potish. 

Silver  salts,  with  same. 

Bismuth  salt**,  half  an  hour's  boiling,  with  sodium  carbonate. 

Nickel  and  cobalt  salts,  with  the  same. 

I/»ml  salts,  with  the  same. 

Iron  salts,  boiling  hot,  with  pure  or  carbonated  alkali. 

Mercury  salts,  with  pure  alkali. 

Protosalts  of  mangane^se,  boiling  hot,  with  sodium  carbonate. 

Chromium  persalts,  boiling  hot,  with  }>ure  potash. 
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Where  tlie  conipound  uiuler  examination  contains  but  one  l)ase- 
precipitable  hy  alkali,  the  dotennination  of  the  acid  gives,  of  course^ 
the  quantity  of  base  also. 

AVolcott  Gibbs  (C.  iV.  1868,  i.  151)  has  enimciated  a  new  acidi- 
nietric  i)rinciple  applicable  in  cases  where  a  base  is  precipitable  at 
a  boiling  tenii)erature  l)y  hj-dric  sulphide,  and  tlie  acid  set  free  so  as 
to  l)e  estimated  with  standard  alkali.  Of  course  the  method  can  only 
be  used  where  complete  separation  can  be  obtained,  and  where  the 
salt  to  be  analyzed  contams  a  fixed  acid  which  has  no  effect  upon 
liydric  sulphide.  A  weighed  portion  is  dissolved  in  water,  brought 
to  l^oiling,  and  the  gas  passed  in  initil  the  metal  is  coni])letely 
precipitiited  ;  which  is  known  by  te^sting  a  drop  of  the  clear  liquid 
upon  a  porcelain  tile  with  sulphuretted  hydrogen  water,  or  any  other 
appropriate  agent  adapted  to  the  metallic  salt  under  examination. 

The  liquid  is  filt^ired  from  the  precipitate,  and  the  latter  well 
washed,  and  the  solution  made  up  to  a  definite  measure.  An  aliquot 
portion  is  then  titrated  with  normal  alkali  as  usual,  with  one  of  the 
phenol  indicators. 

In  the  (!ase  of  nitrates  or  chlorides,  where  nitric  or  hydrochloric- 
acid  would  interfere  with  the  hydric  sulpliide,  it  was  found  that  th(^ 
addition  in  tolerable  quantity  of  a  neutral  salt  ccmtaining  an  organic 
acid  (f.f/.,  sodium  or  ]>otassium  tartrate,  or  the  double  salt)  obviated 
all  difficultv. 

The  residts  obtained  by  (Jibbs  in  the  case  of  copper,  lead,  bismuth^ 
and  meix.*ury,  as  sulphate,  nitrate,  and  chloride,  agreed  very  closely 
with  theory. 

Though  not  strictly  belonging  to  the  domaui  of  acidimetry,  a  method 
worked  out  l)y  Neumann  {Z.  a.  C.  xxxiv.  454)  may  here  be  mentioned 
for  the  technical  estimation  of  some  of  the  heavy  metals  precipitable 
by  sodiinn  sidphide.  The  strength  of  the  sulphide  solution  is  ascer- 
tained by  boiling  it  with  a  measured  excels  of  standard  acid  till  all 
the  H^S  is  dissipated  ;  the  excess  of  acid  is  then  found  by  titration 
with  stantlanl  alkali,  using  j>henolphthalein  as  indicator.  "Having 
established  the  working  strength  of  the  sidj^hide  solution,  the  neutral 
solution  of  the  metal  to  be  estimated  is  first  i)recipitated  Avith  aknown 
excess  of  standanl  sidphide,  and  the  solution  containing  the  suspended 
sulphide  or  hydroxide  is  rendered  (^lear,  if  necessiiry,  l)y  the  addition 
of  strong  sodiiun  cliloride  solution,  and  diluted  to  a  definite  volume  at 
IG^  C.  An  alifpiot  j)art  of  the  solution  is  then  filtered  off,  or  removed 
by  means  of  a  jujiette,  and  the  excCvSs  of  sulphide  indirectly  determined 
in  it.  This  indirect  process  is  necessary,  because  the  alkaline  sulphide 
(h'stroys  the  colour  of  litmus  or  of  phenolphthalein.  The  estimation 
of  the  amounts  of  metiil  in  tlui  following  salts  by  this  method  gave 
excellent  results  : — alum,  chrome  alum,  silver  sulphate,  copper  sulphate^ 
cobalt  sulphate,  cadmium  sulphate,  lead  nitrate,  manganese  sulphate, 
nickel  sidj)hate,  ferrous  sulphate,  ferrous  ammoniimi  sulphate,  ferric 
chloride.  This  method,  of  course,  is  not  applicable  if  the  solutions 
contain  any  free  acid.  Solutions  of  chlorides  containing  free  hydro- 
chloric are  first  (n-ajKJrated  on  the  water-bath,  the  residue  moistened 
with  alcohol,  and  again  evaporated  to  dryness.     Bidphates  are  first 


§  32.  ALKALIMETKK-  METIIOns.  12t 

ccuivortod  into  chlorides  ])V  treatment  with  Iwriuni  chh)ride  an<l 
liydrochloric  acid,  and  the  Hohitions  so  obtained  are  treated  as  l>efore 
described  for  th<»  removal  of  the  free  HCl.  Nitrates  are  twice 
evaporated  t(>  dryness  with  concentrated  HCl,  excess  of  the  latter- 
Wing  fnially  n»moved  in  the  alK)ve-mentioned  manner. 

EXTENSION    OF    ALKALIMETBIC    METHODS. 

§  32.  r.(>HLi(i"(Z.  a.  r.  1H70,  310)  has  descrilMul  a  method  for 
the  estimation  of  sidi)huric  acid,  Uiryta,  chhirine,  iodine,  and  bromimv 
which  ajjpears  W(»rthy  of  sonu*  consideration,  since  the  only  standanl 
solutions  recjuinid  are  an  aci<l  an<l  an  alkali. 

Alkaline  sulphates  are  known  to  be  partially  decomposed,  in  contact 
with  barium  carbonate,  into  alkaline  carlx)nates  and  barium  sulphate. 
Tlu»  decomj>ositio!i  is  complete  in  the  presence  of  free  carbonic  anhy- 
dride ;  acid  carbonates  of  th(^  alkali-metals  are  left  in  solution,  together 
with  sonn;  acid  barium  carbonate,  which  can  1k»  removed  by  boiling. 
The  solution  is  tiltertMl,  and  the  alkaline  carbonate  determined  by 
means  of  a  standard  acid  solution,  and  the  amount  (»f  sulphuric  acid 
or  alkaline  sulphate  calculated  from  the  amount  of  normal  acid 
recjuired.  This  pr<»cess  has  been  satisfactorily  used  by  Haubst  for 
suli)hates  in  waters  (f '.  \.  xxxvi.  227),  and  bv  (Irossmann  for  salt 
cake(C.  .V.  xli.  114). 

Neutral  chlorides,  bromides,  and  iodides,  more  esjK.*cially  of  the 
alkali-metals,  are  most  readily  decomposed  by  pure  silver  oxide  into 
insoluble  silver  salts,  leaving  tin*  alkali-metiil  in  solution  as  hydrat<? 
(ammonia  salts  always  ('xcept<»d),  which  <*an  then  be  det<»rmined  as 
usual  bv  standard  jwid. 

The  author  treats  solutions  containing  sulphates  of  the  heavy  metals^ 
of  the  i'arths  or  alkaline  earths,  and  fn»e  from  aci<ls  whose  presence 
W(»uld  influence  the  m<*thod,  viz.,  phosphoric,  arsenic,  oxalic,  et<\,  with 
a  solution  of  j»otassium  carbonaU*  so  as  t^>  precipitate  the  bases  and 
leave  abdut  double  or  tn*bl(»  the  amount  of  alkaline  carbonate  in 
solution.  From  1  to  li  gm.  of  substance  is  oi>erated  upon  in  a  flask. 
The  snluti«>n  is  ma<le  up  to  500  c.c,  well  shaken,  an<l  the  precipitate 
allowed  to  subside.  50  c.c.  are  then  filtered,  and  titrat(;d  with 
.stan(hir<l  acid  and  methyl  orange.  Another  100  c.c.  are  liltei*ed  in 
like  manner  into  a  strong  (piarter-liter  fla.sk,  and  diluted  with  about 
100  c.c.  of  hot  water;  the  i-e(juisite  quantity  of  normal  acid  is  then 
run  in  at  once  from  a  burett<' ;  the  solution  diluUid  to  250  c.c.  ;  and 
about  a  gnim  of  dry  Iwirium  carbonatt^  (five  from  alkali)  athled.  The 
flask  is  next  closed,  and  the  licpiid  well  agitaU'd.  The  decomposition 
of  the  alkaline  sulphate  is  complete  in  a  few  minuUvs.  The  flask 
should  be  ojKjntMl  now  and  then  to  allow  the  carbonic  anhydride  to 
escape.  Finally,  about  J  gm.  of  pulverized  barium  hydrate  is  achled, 
the  whole  well  shaken,  "and  a  portion  of  the  rapidly  clearing  licpiid 
tested  qualitatively  for  barium  and  sul])hiiric  acid.  The  ix\sidt  should 
W  a  negative  one.  50  c.c,  corresponding  to  20  c.c.  of  ta(^  original 
solution,  are  then  filtered  and  titratetl  with  normal  acid,  and  the 
quantity  of  sulphuric  acrid  (sulphate)  calculated  as  usual. 
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The  source  of  carbonic  anhydride  is  thus  placed  in  tlie  liquid  itself, 
provided  the  quantity  of  potassium  carbonate  be  not  too  small. 

E<iuivalent  quantities  of  K2SO4  +  2K2CO3  +  2HC1  +  BaCOj,  when 
mixed  with  suSftcient  water  change  into  BaSO^  +  2KHC0g  H- 2KC1, 
and  it  is  therefore  more  than  sufficient  to  add  twice  tlie  quantity  of 
potassium  carbonate  compared  with  the  alkalme  sulphate  operated 
upon. 

Barium  hydrate  is  added  with  a  view  of  removing  any  carbonic 
anhydride  left  in  the  liquid  after  boiling,  which  would  otherwise 
dissolve  some  of  the  excess  of  barium  carbonate  contained  in  the 
precipitate. 

^Vny  barium  hydrate  not  required  to  remove  CO^  is  acted  upon  by 
the  acid  potassium  carbonate,  but  does  not  influence  the  final  result. 

Phosphoric  and  oxalic  acids  the  author  proposes  to  remove  ])y  means 
of  calcium  chloride  ;  cliromic  acid  by  deoxidizing  agents,  such  as 
alcohol  and  hydrochloric  acid.  Bohlig  recommends  this  method  for 
estimating  sulphuric  acid  in  ashes,  crude  soda,  Stassfurth  salts,  etc. 

Solutions  containing  baryta  are  estimated  in  like  manner  by  pre- 
cipitation as  carbonate,  and  decomposition  with  potassium  sulphate 
in  a  solution  containing  free  caTlx>nic  acid.  Chlorine  is  determined 
in  solutions  by  fii-st  precipitating  any  metallic  chloride  with  potassium 
carbonate  added  in  moderate  excess.  The  filtrate  is  made  up  to  250 
C.C.,  and  the  excess  of  potassium  carbonate  determmed  in  50  c.c.  by 
means  of  a  normal  solution  of  HCl.  125  c.c.  of  the  solution  are  next 
treated  with  excess  of  silver  oxide  and  made  up  to  250  c.c,  well 
shaken  (out  of  contact  with  the  light)  and  filtered.  100  c.c.  of  the 
filtrate  are  titmted  with  normal  hydrochloric  acid.  The  difference 
between  the  quantity  of  acid  required  in  the  last  and  that  of  the  first 
exi)eriment,  multiplied  by  5,  gives  the  amoimt  of  chlorine  contained 
in  the  original  solution.  A  portion  of  the  filtrate  should  be  tested  for 
chlorine  by  means  of  mercurous  nitrate. 

The  filtrate  is  obtained  perfectly  clear  only  in  the  presence  of  some 
potassium  or  sodium  carbonate,  and  by  employing  ai*gentic  oxiile  free 
from  argentoius  oxide.  A  few  drops  of  pure  potassium  permanganate 
added  to  the  argentic  oxide  preserved  in  water  prevent  formation  of 
the  latter.  The  oxide  to  be  employed  for  each  experiment  is  filtered 
when  required,  and  thoroughly  washed. 

Bromine  and  iodine  are  determined  in  like  manner.  The  author 
has  not  been  able,  however,  to  estimate  the  mixtures  of  the  halogen 
salts  ;  but  he  has  made  the  interesting  observation  that  potassium 
iodide,  when  boiled  with  permanganate,  is  completely  oxidized  into 
iodate.  This  facilitates  the  detection  of  small  quantities  of  chlorine 
and  bnjmine,  in  the  presence  of  much  iodide.  The  greater  part  of 
iodate  may  be  separated  also  by  precipitation  with  barium  nitrate 
Ijefore  determining  chlorine.  The  standanl  acid  solutions  which 
Bohlig  employed  contained  not  more  than  one-thinl  of  the  e(piivalent 
of  HCl  or  SO3  per  liter. 

For  further  particulars  reference  must  be  made  to  the  original  paper 
(Arch,  Pharm,  3  cxlv.  113). 

Siebold  {Year  Book  of  Pharmacy,  1878,  518)  describes  a  very 
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ingenious  process,  devised  by  himself,  for  the  titration  of  caustic  and 
car1x)nated  alkalies  by  means  of  prussic  acid,  the  principle  of  which 
is  explained  in  §  59.  Tlje  process  is  useful  in  the  c^ose  of  carl)onatos, 
since  COg  is  no  hindrance. 

0*5  to  1  gm.  of  the  alkali  or  alkaline  carbonate  is  diaHolved  in  about  100  c.c.  of 
water,  and  an  excess  of  hydrocyanic  acid  (say  10  or  20  c.c.)  of  5  per  cent,  solution 
added ;  then  '^/lo  silver  solution  cautiously  added  with  constant  stirring  until 
a  faint  permanent  turbidity  occur*.  Each  cc.  of  ''/lo  silver  » 0*0138  gm.  K2CO3, 
or  00106  gra.  Na^CO,. 

In  the  case  of  cldorides  being  present,  their  quantity  may  Ije 
iletermined  by  boiling  down  the  mixture  to  about  half  its  volume  to 
expel  all  free  prussic  aciil,  adding  a  drop  or  two  of  ()otassium  chromatc 
as  indicator,  then  titrating  with  ^ l\o  silver.  Any  excess  a1)ove  that 
required  in  the  firat  titration  will  l>e  due  to  chlorine,  and  may  l)e 
calculated  accordingly. 

.V  voluminous  contribution  by  Dr.  Ruoss  on  the  general  volumetric 
estimation  of  metals  preci  pi  table  by  fixed  caustic  or  carl>onated  alkalies, 
and  the  acti(m  of  certain  indicators  in  relation  thereto,  is  given  in 
Z.  a.  C,  1896,  and  roproducwl  in  C.  X.,  May,  1896,  p.  247. 
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PART  III. 
ANALYSIS   BY   OXIDATION   OR  REDUCTION. 

§  33.  The  series  of  analyses  which  occur  under  tliis  system  are 
very  extensive  in  numher,  and  not  a  few  of  them  possess  extreme 
accuracy,  sucli  in  fact,  as  is  not  possible  in  any  analysis  by  weight. 
The  completion  of  the  various  processes  is  generally  shown  by  a  distinct 
change  of  colour ;  such,  for  instance,  as  the  occurrence  of  the  beautiful 
rose-red  permanganate,  or  the  blue  iodide  of  starch  ;  and  as  the  smallest 
quantity  of  these  substances  will  colour  distinctly  large  masses  of 
liijuid,  the  slightest  excess  of  the  oxidizing  agent  is  sufficient  to  produce^ 
a  distinct  eflfect. 

The  principle  involved  in  the  process  is  extremely  simple.  Sul>- 
stances  which  will  take  up  oxygen  are  brought  into  solution,  and 
titrated  with  a  substance  of  known  oxidizing  power ;  as,  for  instance^ 
in  the  determination  of  ferrous  salts  by  permanganic  acid.  The  iron 
is  ready  and  willing  to  receive  the  oxygen,  the  permanganate  is  equally 
willing  to  i)art  with  it :  while  the  iron  is  absorbing  the  oxygen,  the 
pennanganate  loses  its  colour  almost  as  soon  as  it  is  added,  and  the 
whole  mixture  is  colourless ;  but  immediately  the  iron  is  satisfied,  the 
rose  colour  no  longer  disappears,  there  being  no  more  oxidizable  iron 
l»resent.  In  the  case  of  potassium  permanganate  the  reaction  is : 
1  OFeO  +  2MnK(  )^  =  b¥e,p.^  +  2MnO  +  K/).  Oxalic  acid  occupies  the 
same  position  as  the  ferrous  salts ;  its  composition  is  C2<-)4H2  +  2H2O  = 
126.  If  permangiinate  is  added  to  it  in  acid  solution,  the  oxalic  acid 
is  oxidized  to  carbonic  acid,  and  the  manganic  reduced  to  manganouR 
oxide,  thus  Mn.^0.  +  5C0O4H0  +  2H2SO4  =  lOCOg  +  2MnS04  +  THgO. 
When  the  oxalic  acid  is  all  decomposed,  the  coloiu*  of  the  permanganate 
no  longer  disappears.  On  the  other  hand,  substances  which  will  give 
uj)  oxygen  are  deoxidized  by  a  known  excessive  quantity  of  reducing 
agent,  the  amount  oi  which  excess  is  afterwards  ascertained  by  residual 
titration  with  a  standard  oxidizing  solution;  the  strength  of  the 
reducing  solution  being  known,  the  quantity  required  is  a  measure  of 
the  substiincc  Avhich  has  been  reduced  by  it. 

The  oxidizhig  agents  best  available  are- -potassium  permanganate, 
iodine,  potassium  bichromate,  and  potassium  ferricyanide. 

The  reducing  agents  are — sulphiu'ous  acid,  sodium  hyposulphite,^ 
sodium  thiosulphate,  oxalic  acid,  ferrous  oxide,  arsenious  anhydride, 
staiuious  chloride,  potassium  ferrocyanide,  and  zinc  or  magnesium, 
and  a  very  powerful  deoxidizer,  titanious  chloride,  Avhich  will  be 
described  further  on. 

With  tliis  variety  of  materials  a  great  many  combinations  may  be 
arranged  so  as  to  make  this  system  of  analysis  very  comi)rehensive  ; 
but  the  following  are  given  as   sufficient  for  almost   all  puqioses,. 

*  S  0  h  a  t  z  e  u  b  e  r  g  e  r '  8  preparation  IB  here  meant. 
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and  as  being  susceptible  of  tlie  greatest  amount  of  purity  and  stability 
of  material,  witli  exceedingly  accurate  results  : — 

1.  Permanganate  and  ferrous  salts  (with  the  rose  colour  as  indi- 
cator) :  i)ennanganate  and  oxalic  acid  (witli  tlie  rose  colour  as 
indicator). 

2.  Potassium  bichromate  and  ferrous  salts  (with  cessation  of  blue 
colour  when  brought  in  contact  with  solution  of  ixitassiuui  ferri- 
cyanidi*  as  indicator). 

3.  Iodine  and  sodium  thiosulphate  (with  starch  as  inilicator) ; 
iodine  antl  soilium  arsenite  (with  sUirch  as  in<licat^)r). 


PREPARATION    OF   STANDARD   SOLUTIONS. 

PEBMANGANIC   ACID   AND  FEBBOUS   OXIDE. 

1.    Fotassium  Permanganate. 

Mn.^K.jOj^  =  315'C.      Decinornial  Solution  =.*M 56  gm.  per  liter. 

§  34.  The  solution  of  this  salt  is  best  prepared  for  analysis  by 
4lissolving  th<»  pun*  crystals  in  fresh  distilled  water,  and  should  be 
4)f  such  a  strength  that  17*85  c.c.  will  oxidize  1  decigram  (»f  iron. 
The  solution  is  then  decinornial.  If  the  stilt  can  be  had  perf«H-tly 
pure  and  tlry,  3*156  gm.  dissolved  in  a  liter  of  water  at  16"  C,  will 
j^ivc  an  exactly  decinornial  solution :  but,  nevei-theless,  it  is  always 
well  to  verify  it  as  described  Inflow.  Fairly  pure  permanganati*, 
in  large  crystals,  may  now  l)e  obtained  in  commerce,  and  if  this  salt  is 
recrystallized  twice  from  hot  distilbid  wat(?r  and  drie«l  thoroughly  at 
100'  C,  it  will  l)e  found  practically  pui-e.  If  kept  in  the  light  in 
-ordinary  lx)ttles  it  will  retain  its  stnMigth  for  sev(;ml  months,  if  in 
l)ottles  cov(»red  with  black  paper  much  longer,  neverthel<»ss,  it  should 
from  time  to  time  be  verified  by  titration  in  one  of  the  followinir 
ways :    - 

2.    Titration  of  Permanganate. 

(a)  With  Metallic  Iron. — The  purest  iron  to  In?  obtained  in 
commerce  is  thin  anneale<l  binding  wire  free  from  rust,  generally 
known  as  flower  win*.*  Its  actual  iwrcentage  of  jnire  ii'on  may  be 
taken  as  99*6. 

Mrthod  of  Pkocedurb:  Fit  a  tight  cork  or  rubber  stopper,  with  bent 
delivery  tul)e,  into  a  flask  holding  about  300  c.c,  and  clamp  it  in  a  retort  stand 
in  an  inclined  position,  the  tube  so  bent  as  to  dip  into  a  small  beaker  containing 
pure  water.  Pill  the  flask  one-third  with  dilute  pure  sulphuric  acid,  and  add  a 
lew  grains  of  sodium  carbonate  in  crystals ;  the  CO^  so  produce<l  will  drive  out 
the  air.  While  this  is  bein^  done  weij<h  about  01  ^mm  of  the  win.*;  put  it 
•quickly  into  the  flask  when  the  soda  is  dissolved,  and  apply  a  gentle  heat  till  the 
iron  is  completely  in  solution ;  a  few  black  specks  of  carbon  are  of  no  con- 

*Some  proposition  t  hare  been  made  to  uroduce  pure  metallic  iron  by  clectr()1y»iif» 
l>ut  the  results  as  to  purity  are  not  always  'lependable. 
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sequence.  The  flMk  is  tfaen  rapidly  cooled  under  a  stream  of  cold  water,  diluted 
if  necessary  with  some  recently  boiled  and  cooled  water,  and  the  permanganate 
run  in  cautiously  from  a  tap  burette,  with  constant  shaking,  until  a  faint  rose- 
colour  is  permanent.  Instead  of  this  arrangement  for  dissolving  the  iron  the 
apparatus  shown  in  the  section  on  iron  analysis  may  be  used,  §  68. 

The  decomposition  which  ensues  from  titrating  ferrous  oxide  by 
pennangaiiic  acid  may  be  represented  as  follows : — 

lOFeO  and  Mnjj07=2MnO  and  5Yefi^. 

The  weight  of  wire  taken,  multiplied  by  0*996,  will  give  the 
actual  weight  of  pure  iron  upon  which  to  calculate  the  strength  of 
the  permanganate. 

(b)  With  Ferrous-ammonium  Sulphate. — In  order  to 
ascertain  the  strength  of  the  permanganate,  it  may  be  titrated  with 
a  weighed  quantity  of  this  substance  instead  of  metallic  iron. 

This  salt  is  a  convenient  one  for  titrating  the  pennanganate,  as  it  saves  the 
time  and  trouble  of  dissolving  the  iron,  and  when  perfectly  pure  it  can  be 
depended  on  without  risk.  To  prepare  it,  139  parts  of  the  purest  crystals  of 
ferrous  sulphate,  and  66  parts  of  pure  crystallized  ammonium  sulphate  are 
separately  dissolved  in  the  least  possible  quantity  of  distilled  water  of  about 
4&  C.  (if  the  solutions  are  not  perfectly  clear  the}'  must  be  filtered) ;  mix 
them  at  the  same  temperatiure  in  a  porcelain  dish,  adding  a  few  drops  of  pure 
sulphuric  acid,  and  stir  till  cold.  During  the  stirring  the  double  salt  will  fall  in 
a  finely  granulated  form.  Set  aside  for  a  few  hours,  then  pour  off  the  super- 
natant liquid,  and  empty  the  salt  into  a  clean  funnel  with  a  little  cotton 
wool  stuffed  into  the  neck,  so  that  the  mother-liquor  ma}'  drain  away;  the 
salt  may  then  be  quickly  and  repeatedly  pressed  between  fresh  sheets  of  clean 
filtering  pai)er.  Lastly,  place  in  a  ciurent  of  air  to  dry  thoroughly,  so  that  the 
small  grains  adhere  no  longer  to  each  other,  or  to  the  paper  in  which  they  are 
contained,  then  preserve  in  a  stopjiered  bottle  for  use.  This  salt  is  useful  for 
many  purposes,  and  should  be  made  by  the  analyst  himself,  as  it  is  difiScult 
to  buy  the  pure  ferrous  salt.  Only  a  few  ounces  should  be  made  at  a  time, 
according  to  the  directions  above,  as  if  large  quantities  arc  made  it  is  diflScult  to 
dr\'  the  granular  salt  in  a  purely  ferrous  state. 

The  formula  of  the  salt  is— Fe  (Sli^l^  (^O^)^^  61120  =  392. 
Consequently  it  contains  exactly  onc-seventli  of  its  weight  of  iron  ; 
therefore  0*7  gm.  represents  O'l  gm.  Fe,  and  this  is  a  convenient 
quantity  to  weigh  for  the  purpovse  of  titmting  the  pennanganate. 

Method  of  Procedure:  0*7  gm.  being  brought  into  dilute  cold  solution 
in  a  flask  or  beaker,  and  20  c.c.  of  dilute  sulphuric  acid  (1  to  5)  added  (the 
titration  of  permanganate,  or  any  other  substance  by  it,  should  always  take  place 
in  the  presence  of  free  acid,  and  preferably  sulphuric),  the  permanganate  is 
delivered  from  a  burette  with  glass  tap,  as  l)efore  de^^^cribed,  until  a  jK)int  occurs 
when  the  rose  colour  no  longer  disappears  on  shaking. 

(c)  With  Oxalic  Acid. — This  is  a  very  <iuick  method  of  titrating 
permanganate,  if  the  exact  value  of  the  solution  of  jmre  oxalic  acid  is  known. 
10  c.(!.  of  normal  solution  are  brought  into  a  flask  with  dilute  sulphuric  acid,  as 
in  the  case  of  the  iron  salt,  and  considerably  diluted  with  water,  then  warmed  to 
about  60**  C,  and  the  permanganate  added  from  the  burette.  The  colour 
disapi>ears  slowly  at  first,  but  afterwards  more  rapidly,  becoming  first  brown, 
then  yellow,  and  so  on  to  colourless.  More  care  must  l)e  exercised  in  this 
case  than  in  the  titration  with  iron,  as  the  action  is  not  momentarv.     100  c.c. 
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should  be  required  to  be  Htrictly  deeinonxud.    The  chemical  change  which  occum 
is  explained  in  §  33. 

(d)  With  Sodium  Oxalate.  -The  method  of  titration  w  the  same 
as  with  oxalic  acid,  but  w  preferable  since  the  salt  may  easily  be  obtained 
pure,  and  bein^  anhydrous  may  be  weighed  with  j^n^eat  exactoess.  A  decinormal 
solution  may  be  maide  by  dissolving  6*7  gm.  jier  liter.  This  is  one  of  the  best 
methods  of  ascertaining  the  exact  strength  of  ])ermanganate. 

3.    Precautions  in  Titrating  with  Permanganate. 

It  must  1)0  l)oriu»  in  mind  that  free  aciil  is  always  necessary  in 
titrating  a  substance  Avitli  permanganate,  in  ortler  to  keep  the 
resulting  mangauous  oxide  in  solution.  Sulphuric  acid,  in  a  diluU^ 
form,  lias  no  prejudicial  etieet  on  the  pure  i)ermanganate,  even  at 
a  higli  temperature.  With  liydnK'hloric  acid  the  solution  to  be 
titrat(Ml  must  Ik?  very  diluti*.  and  of  low  temi)emture,  otlierwise 
chlorine  will  l>e  libemted  and  the  analysis  s|)oiled.  This  acid  acts 
as  a  reducing  agent  on  ])ermanganate  in  concentrated  solution, 
thus  — 

Mn,();4-14HCl=7H,()  +  10Cl  +  2MnCl,,. 

The  irregularities  du<»  to  this  reaction  may  l)e  entirely  obviated 
by  the  addition  of  a  few  grams  of  mangjimuis  or  ammruiium  sulpliate 
Ix'fore  titration. 

Organic  matter  of  any  kind  d(*composes  the  permanganate,  and 
the  soluti<m  therefore  cannot  be  tilt^M'ed  through  jwiper,  nor  can  it  be 
u^ed  in  a  clip  burette,  because  it  is  decomiwjsed  by  the  india-rubl>er 
tulx*.     It  may,  however,  be  lilten'd  tbnmgb  gun  cotton  or  glass  W(K)1. 

TITBATION  OF  FERRIC  SALTS  BY  PERMANGANATE. 

§  ''\i).  AiJ.  ferric  (•(•mpounds  re<piiring  to  be  estimatiHl  by 
permangfinate  n)Ust,  of  course,  be  reduced  to  the  ferrous  state. 
This  is  best  aecnmplislied  by  metallic*  zinc  or  magnesium  in  sulphuric 
acid  solution.  Hydrochloric  may  also  be  us<»d  with  the  precautions 
menti(med. 

The  reduction  (M'lturs  on  simi>ly  adding  to  the  warm  dilutiMl  solution 
small  pieces  of  zinc  (free  fr(»m  iron,  or  at  h»ast  with  a  known  quantity 
j)i"(*sent)  or  coaively  powdered  magnesium  until  colourless  ;  (»r  until  a 
drop  of  the  solution  brought  hi  contact  with  a  drop  of  potassium 
thiocyanate  produces  no  red  colour.  All  the  zinc  or  magin'sium  must 
b(»  dissolved  j»revious  to  the  titration. 

The  reduction  mav  ])e  hastened  considerjibly  as  shown  in  ii  G3.2. 

AVben  the  reduction  is  comi»let<\  n<»  time  should  1m»  lost  in  titrating 
the  solution. 

CALCULATION    OF   ANALYSES    MADE   WITH 
PERMANGANATE  SOLUTION. 

§  30.  Thk  calculation  of  analyses  with  permanganate,  if  the 
solution  is  not  strictly  decinormal,  may  be  made  by  ascertaining  its 
coefficient,   reducing  the   number  of  c.c.   used  for  it  to  decinormal 
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strength,  and  multiplying  the  numher  of  e.c.  thus  foiuid  l\y  ytyJi^xF  ^'^ 
the  equivalent  weight  of  the  suhstance  sought ;  for  instance — 

Suppose  that  15  e.c.  of  permanganate  solution  have  l>een  found 
to  equal  0*1  gm.  iron  ;  it  is  inquired  to  reduce  the  15  e.c. 
to  decinonnal  strength,  whidi  would  requii-e  1000  e.c.  of  per- 
manganate to  every  5*6  gm.  iron,  therefore  5*6  :  1000  :  :  0*1  :  x  = 
17-85  e.c;  17-85  xO-0056=0-09996  gm.  iron,  which  is  as  near  to 
0*1  gm.  as  can  he  required.  Or  the  ('oefiicient  necessary  to  reduce 
the  numher  of  e.c.  used  may  he  found  as  follows  : — 0-1    :    15    :  : 

5*6  :  j'  =  S4r  e.c,   therefore-—  =1-19.       Consequently    1-19    is   the 

-coefiicient  by  wliich  to  reduce  the  number  of  cc  of  that  special 
permanganate  used  in  any  analysis  to  the  decinormal  strength  from 
whence  the  weight  of  substance  sought  may  he  found  in  the 
usual  way. 

Another  plan  is  to  Ihid  the  (quantity  of  iron  or  oxalic  acid  repre- 
^sented  by  the  ]>ermanganate  used  in  any  given  analysis,  and  this  being 
done  the  following  simple  equation  gives  the  recpiired  result : — 

Fe  (56)  eq.  weight  of  the  weight  the  weight  of 

or        :        the  substance  :  :      of  Fe  or      :  substance 

O  (63)  sought  ()  found  sought 

In  other  Avords,  if  the  ecpiivalent  weight  of  the  sul)stiince  analyzed  be 
divided  hy  56  or  63  (the  re8j)ective  equivalent  weights  of  iron  or 
oxalic  acid),  a  coefficient  is  ohtained  by  which  to  midtiply  the  weight 
-of  iron  or  oxalic  acid,  equal  to  the  permanganate  used,  an<l  the 
product  is  the  weight  of  the  sul)stance  titrated. 

For  example :  sidj)huretted  hydrogen  is  the  substance  sought, 
the  eq.  weight  of  H^H   corresponding  to   2  eq.   F(»   is  17:  let  this 

17 
number  be  divide<l  by  56,^   =0-3036,  thei-efore,  if  the  quantity  of 

iron  represented  ])y  the  i)ermanganate  used  in  an  estimation  of 
TfjjS  be  multiplied  by  0*3036,  the  product  will  he  the  weight  of  tlie 
sulphurette<l  hydrogen  sought. 

Again  :  in  the  case  of  manganese  peroxide  whose  equivalent 
weight  is  43*4. 

The  weight  of  iron  therefore  found  by  i)ermanganate  in  any  analysis 
multiplied  by  the  coefficient  0*775  will  give  the  amount  of  peroxide 
MnO.>.     Again  :  if  m  gm.  iron=/i-   cc.    permanganate,    then    1    e.c. 

pennanganate=--gm.  metallic  iron. 

/c 

The    equivalents   here    given    ai*e    on    the    hydrogen    scale,    in 

accordance  with  the  normal  system  of  solutions  adopted ;  and  thus 

it   is   seen   that   two   equivalents   of  iron   are   converted   from   the 

ferrous    to   the    ferric   state   hy   the   same    quantity   of    oxygen   as 

-suffices   to   oxidize    one    ecjuivalent    of    oxalic    acid,    sulpliuretted 

hydrogen,  or  manganese  peroxide. 
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1  c.c.  deciiiuriiial  permangaimk*  is  equivalent  to 
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AVlien  iHjssible  the  necessary  coefficients  Avill  he  given  in  the 
tables  i)receding  any  leading  substance. 

CHBOMIC   ACID  AND  EEBBOUS  OXIDE. 

§  37.  P0TA88IUM  bichromate,  which  appears  to  have  l>een  first 
proposed  l)y  Penny,  iM)ssesses  the  advanttige  over  permanganate,  that 
it  is  absolutely  i)ermanent  in  solution,  may  e^isily  be  obtained  in 
a  pure  state,  and  its  solution  may  be  used  in  Mohr's  burette  without 
undergoing  the  change  peculiar  to  permanganate :  on  the  other  hand, 
the  end  of  the  reaction  in  the  estimation  of  iron  can  only  lx»  knoAvn 
])y  an  (external  indicator ;  that  is  to  say,  a  drop  of  the  mixture  is 
l)rought  in  contact  Avith  a  drop  of  solution  of  potassium  ferricyanide 
(freshly  preiiared)  upon  a  white  slal)  or  i)late.  While  the  ferrous 
oxide  is  in  Wlerable  excess,  a  rich  blue  colour  occurs  at  the  i^jint  of 
contact  l)etween  the  drojis ;  but  as  this  excess  continues  to  lessen  by 
the  addition  of  the  bichromat<»,  the  blue  becomes  somewhat  turbid, 
having  tirst  a  green,  then  a  grey,  and  lastly  a  brown  shade.  When 
the  greenish-blue  tint  has  all  disapiwared,  the  prt>cess  is  tinishe<l.  This 
series  of  changes  in  the  colour  admits  of  tolerably  sure  leading  of  the 
burette,  after  some  little  practice  is  obtained. 

The  reaction  between  chromic  acid  and  ferrous  oxide  may  bo 
represented  by  the  formula  : 

2Cr(  \  +  6Fe(  )=Ct./  ).^  +  SYeJ  \, 

The  decomposition  takes  place  immediately,  and  at  ordinary  tempera- 
turesj  in  the  presence  of  free  sulphuric  or  hy<lr(x;hloric  acid.  Nitric 
aci<l  is  of  course  inadmissible. 

The  reduction  of  ferric  compounds  to  the  ferrous  stati;  may  be 
accomplished  by  zinc,*  magnesium,  sodium  sulphite,  ammonium 
bisulphite,  or  sulphurous  acid;  or,  instead  of  these,  stannous  chloride 
may  be  used,  Avhich  acts  very  rapidly  as  a  reducing  agent  ui)on 
ferric  oxide,  the  yellow  colour  of  the  solution  disappearing  almost 
immediately. 

*  When  zinc  is  used,  the  ziac  ferricyanide  somewhat  ohscurej  the  critical  i)oiut  in  testing 
with  the  indicator. 
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In  the  analysis  of  iron  ores,  reduction  by  the  latter  is  verj'  rapi^l 
and  serviceable ;  the  greatest  care,  hoAvever,  is  necessary  that  the 
stannous  cliloride  is  not  present  in  excess,  as  this  would  consume  the 
bichromate  solution  equally  Avith  the  ferrous  oxide,  and  so  lead  to 
false  residts.  Tlie  discharge  of  tlie  yellow  colour  of  the  iron  solution 
may  with  care  be  made  a  very  sure  indicator  of  the  exact  point  of 
reduction.  But  in  order  to  oljviate  the  inaccuracy  wliicli  would  be 
j)roduced  by  an  excess  of  tin  in  the  state  of  protosalt,  an  aqueous 
solution  of  mercuric  cliloride  shoidd  be  added  to  the  mixture  in  slight 
excess;  the  stannous  chloride  is  then  all  converted  into  stannic 
chloride,  and  the  titration  with  ])ichromate  may  proceed  as  usual ; 
a  precipitate  of  Hg2Cl2  does  not  interfere.  The  concentrated  hydro- 
chloric solution  of  iron  is  heated  to  gentle  boiling,  and  the  moderately 
dilute  tin  solution  added  Avith  a  pipette,  Avaiting  a  moment  for  each 
addition  till  the  last  traces  of  colour  have  disappeared ;  the  solution 
is  then  poured  into  a  beaker,  diluted  Avith  boiled  and  cooled  water, 
mercuric  solution  added,  and  titrated  Avith  the  bichromate  as  above 
described. 

It  is  absolutely  necessary  that  the  solution  of  ferricyanide  used  as 
the  indicator  Avith  bichromate  should  be  free  from  ferrocyanide ;  and 
as  a  solution  Avhen  exposed  to  air  for  a  short  time  becomes  in  some 
measure  converted  into  the  latter,  it  is  necessarv  to  use  a  freshlv 
prejmred  liquid. 

1.    Preparation  of  the  Decinormal  Solution  of  Bichromate. 

4*913  gm.  per  liter. 

Tlie  reaction  Avhich  takes  place  between  potassium  bichromate  and 
ferrous  oxide  is, 

6Fe()  +  Ci\fi/.)~3¥eJX^  +  Cr./)3  +  K./). 

It  is  therefore  necessary  that  J  eq.  in  grams  shoidd  l)e  used  for  the  liter 
as  a  normal  solution  and  ^^  for  the  decinormal ;  and  as  it  is  preferable 
on  many  accounts  to  use  a  dilute  solution,  the  latter  is  the  more 
convenient  for  general  purpose*. 

Taking  the  equiA'alent  number  of  chromium  as  52*1,  that  of  potassium 
bichi-omate  is  294*68;  if,  therefore,  ^j^  of  this  latter  number  =  4*91  gm. 
of  the  pure  Avell  dried  salt  be  dissolved  in  a  liter  of  Avater,  the  deci- 
normal solution  is  olitained. 

1  c.c.  of  this  solution  is  capable  of  yieldmg  up  ^qq^q  eq.  in  grams 
of  oxygen,  and  is  therefore  equivalent  to  the  y^y^^  eq.  of  any 
substance  Avhich  takes  up  1  equivalent  of  oxygen. 

2.    Solution  of  Stannous  Chloride. 

About  10  gm.  of  pure  tin  in  thin  pieces  are  put  into  a  large  platinum 
capsule,  about  200  c  c.  strong  pure  hydrochloric  acid  poured  over  it, 
and  heated  till  it  is  dissolved ;  or  it  may  be  dissolved  in  a  porcelain 
capsule  or  glass  flask,  adding  pieces  of  platiniun  foil  to  excite  a  galvanic 
current.     Tlie  solution  so  obtained  is  diluted  to  about  a  liter  with 
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distilled  water,  and  preserved  in  the  bottle  (fig.  24)  to  which  the  air 
can  only  gaiu  access  through  a  strongly  alkaUne  solution  of  pyrogallic 
aci<l.  When  kept  in  this  manner,  the  strength  will  not  alter  materially 
in  a  month.  If  not  so  preserved,  the  solution  varies  considerably 
from  day  to  day,  and  therefore  should  always  be  titrated  l)efore  use  as 
described  in  §  64  if  required  for  (piantitative  analysis. 

IODINE  AND  SODIUM  THIOSUIiPHATE. 

g  38.  The  principle  of  this  now  beautiful  and  exact  method  of 
analysis  was  first  discovered  by  Dupasquier,  who  used  a  solution  of 
sidi)hurous  acid  instead  of  sodium  thiosuphate.  Bun  sen  improved 
his  method  considerably  l>v  ascertiiining  the  sources  of  failure  to  Avhich 
it  was  lial>le,  which  consisted  in  the  use  of  a  too  concentrated  solution 
of  sulphurous  acid.  The  reaction  Ijetween  iodine  and  very  dilute 
sulphurous  acid  may  be  represented  by  the  formula — 

S( ),  + 1.  +  2H  J ) =L>H1  +  IL/^CV 

If  the  sidphurous  acid  is  more  concentrated,  i.e.,  above  0*04  per  cent., 
in  a  short  time  the  action  is  reversed,  the  irregidarity  of  decomposition 
varying  with  the  ([uantity  of  water  present,  and  the  nxpidity  with 
Avhich  the  iodine  is  added.* 

Sulphurous  acid,  however,  very  mpidly  changes  by  k(ieping  even  in 
the  most  careful  manner,  and  cannot  therefore  be  used  for  a  standard 
solution.  The  substitution  of  sodium  thiosulphate  is  a  gn^at  advantage, 
inasmuch  as  the  salt  is  easily  obtained  in  a  pure  sttite,  and  may  be 
directly  weighed  for  the  standard  solution.    The  reaction  is  as  fcjllows :-  - 

2Xa.yS.,( ).,  +  21  =  2XaI  +  Na,'^^^  V 

the  result  being  that  thiosulphuric  acid  takes  oxygen  from  the  water, 
with  the  production  of  tetmthionic  and  hydriodic  acids  in  cond)ination 
with  soda. 

In  order  to  ascertain  the  end  of  the  reaction  in  analvsis  bv  this 
method  an  imlicator  is  ne<'essary,  and  the  most  delicate  and  sensitive 
fur  the  puq)ose  is  sUirch,  which  produces  with  the  slightest  tmce  of 
free  iodine  in  cold  solution  the  well-known  blue  ioclide  of  starch. 
Hydriodic  or  minenxl  acids  and  iotUdes  have  no  influence  upon  the 
colour.     Caustic  alkalies  destroy  it. 

The  prin(!ii>le  of  this  method,  namely,  th(^  use  of  iodine  as  an 
indirect  oxidizing  body  by  its  action  ui>on  the  elements  of  water, 
forming  hydricnlic  acid  with  the  hydrogen,  and  liljerating  the  oxygen 
in  an  active  state,  can  be  applied  to  the  determination  of  a  great 
varietv  of  substfinces  with  extreme  accuracv. 

rxnlies  whicli  take  up  oxygen,  and  decolorize  the  iodine  solution, 
such  as  sidphurous  acid,  suli>hites,  sulphuretted  hydrogen,  alkaline 
thiosulpliites  and  arsenites,  stanmms  chloride,  etc.,  are  brought  into 
dilute  solutiori,  starch  a<lded,  an<l  the  iodine  delivered  in  with  constant 

♦  This  irregularity  is  nowoLviated  by  the  method  of  Giles  and  Shearer  (§  76.5),  in  which 
solutions  of  SO-i  or  sulphites  of  any  strenRth  may  be  accurately  titrated  witli  iodine,  by 
adding  the  latter  to  the  former  in  excess,  and  whenr  the  reaction  is  complete  titrating  the 
excess  of  iodine  with  thiosulphate. 
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shaking  or  stirring  until  a  point  occurs  at  which  a  final  drop  of  ioilincj 
colours  the  whole  blue — a  sign  that  the  substance  can  take  up  no  more 
iodine,  and  that  the  drop  in  excess  has  shown  its  characteristic  effect 
upon  the  starch. 

Free  chlorine,  or  its  active  compounds,  cannot,  however,  be  titrate<l 
with  thiosulphate  directly,  owing  to  the  fact  that,  instead  of  tetrathionic 
aciil  being  produced  as  with  iodine,  siUphuric  acid  occurs,  as  may  be 
readily  seen  by  testing  with  barium  chloride.  In  such  cases,  therefore, 
the  chlorine  nuist  be  evolved  from  its  compoimd  and  passed  into  an 
excess  of  solution  of  pure  potassium  iodide,  Avliere  it  at  once  liberates 
its  equivalent  of  iodilie,  Avhich  can  then,  of  course,  be  estimated  Avith 
thiosulphate. 

All  bodies  Avhieh  contain  available  oxygen,  and  which  evolve  chlorine 
when  boiled  with  strong  hydrochloric  acid,  such  as  the  chromates, 
manganates,  and  all  metallic  peroxides,  can  be  readily  and  most 
accurately  estimated  l)y  this  method. 

1.    Preparation  of  the  Decinormal  Solution  of  Iodine. 

1=127;  12-7  gm.  i^er  liter. 

Chemically  piu-e  iodine  may  best  l>e  obtained  by  the  Stas  method. 
Commercial  resublimed  iodine  is  mixed  Avith  about  one-half  of  its 
Aveight  of  potassium  iodide,  and  dissolved  in  half  its  Aveight  of  water, 
the  io<iine  is  then  precipitated  bVvwater,  then  transferred  to  a  funnel 
Avhose  neck  is  filled  with  freshly  igAited  asbestos,  then  Avell  Avashed  to 
remove  the  potassium  iodide,  and  dried  at  a  moderate  heat,  and  finally 
over  sulphuric  acid.  It  is  then  sublimed  by  gently  heating  the  iodine 
betAveen  two  large  Avatch-glasses  or  jwrccdain  cai)sules  ;  the  lower  one 
being  placed  upon  a  heated  iron  plate,  the  iodine  sublimes  in  brilliant 
plates,  Avhich,  Avith  the  exception  of  a  trace  of  moisture,  it  is  then 
sublimed  again  tAvice,  and  finally  dried  over  sulphuric  acid. 

Another  method  of  sublimation  has  been  carried  out  bv  A.  Cross 
{C,  N,  88,  274)  as  follows  :— 

The  iodine  prepared  by  the  methods  previously  described  was  placed  in  a  piece 
of  combustion  tubing  slightly  inclined,  and  resting  on  a  support.  Following 
the  iodine  was  a  plug  of  ignited  asbestos  to  prevent  the  heated  iodine  from 
running  down  the  tube.  The  lower  end  of  the  tube  was  connected  to  two  tubes 
containing  phosphoric  anhydride,  and  one  c-ontaining  calcium  chloride.  In  this 
manner  tlie  air  drawn  through  Avas  j>erfectly  dry.  The  upper  end  was  coA'ered 
by  a  bottle  fitted  to  a  rubber  cork  to  catch  any  vapour  not  previously  condensed. 

Through  the  cork  passed  a  glas^  tube  which  connected  to  an  empty  jar  as 
a  precautionary  measure,  and  in  turn  to  a  cylinder  containing  water  and  the 
suction  pump.  The  suction  was  regulated  by  the  bubbles  produced  in  the 
cylinder.  To  prevent  any  accident  from  too  sudden  heating  a  piece  of  iron  pipe 
was  placed  over  that  part  of  the  tube  containing  the  asbestos  and  iodine,  and 
extending  beyond  for  about  four  inches.  This  was  protected  from  the  gUiss  by 
asbestos. 

A  gentle  heat  was  used  and  enough  suction  applied  to  condense  the  va^wur 
sufficiently  far  enough  away  from  the  pipe  to  prevent  any  liquefaction  of  the 
sublimed  crvstals. 

The  succeeding  two  sublimations  were  conducted  in  precisely  the  same  manner. 

The  Avatch-glass  or  capsule  containing  the  iodine  is  placed  under  the 
exsiccator  to  cool,  then  12*7  gm.  are  accurately  weighed,  and  together 
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with  jilMiut  18  frill,  of  pure  potassium  iodido  (free  from  iodate)*^ 
dissolved  in  about  250  c.e.  of  water  and  diluted  to  a  liter.  The  flask 
must  not  Ix;  heated  in  order  to  promote  solution,  or  iodine  vapours 
Wiiuld  he  lost  in  tlie  operation. 

The  i< Kline  solution  is  hest  pi-eserved  in  stoi>i)ered  bottles,  kept  cool 
in  the  dark,  and  wiiich  should  be  completely  filled. 

The  verification  of  the  iodine  solution  may  be  done  in  manv  ways. 
Vure  scKliinn  thiosulphate  prepared  as  described  below,  or  a  strictly  */io 
solution  of  it,  or  ajjpiin  pure  arsenirms  acid  or  its  ^/lo  solution,  with  the 
adilition  of  a  little*  so<lium  bicarbonate.  It  may  be  titrated  Avith 
barium  thiosulphate  as  prrjposed  by  Plimpton  and  Chorley;  this 
latter  stdt  possesses  a  hi^h  molecular  weij^ht,  267  iwirts  beinji;  equivalent 
tit  127  of  icMline,  but  beinj^  sparinj^ly  soluble  in  water  th(»  titration 
must  be  carefully  <lone,  inasmuch  as  the  crystalline  powder  has  to  be 
♦^mdually  de('omposed  l)y  the  iodine,  and  the  end-i>oint  may  ejisily  be 
overstepped.  A  weighe<l  (piantity  of  the  finely  i>owdere<l  salt  is  put 
into  a  stoppered  bottle  with  water,  and  the  iodine  run  in  from  a  Inirette 
with  continuous  shakin«(,  until  the  salt  is  nearly  <lissolved  ;  starch 
indicator  is  then  a<lded,  and  the  iodine?  continued  with  shaking;  until 
th<»  blue  C(>l<>ur  in  faintly  permanent. 

Pure  barium  thiosulphate  is  easily  prei>ared  by  mixinj;  together 
a  warm  solution  of  50  gm.  of  sodium  thiosidphatc  in  300  c.c.  of 
water,  and  40  gm.  of  barium  chhuide  in  a  like  volume  of  warm  water; 
after  stirring  well,  the  salt  soon  sepamtes  in  fine  powdery  cryst^xls. 
These  are  collect<Ml  in  a  funnel  slopped  with  glass  or  cotton  wool, 
repeatciUy  washecl  with  cold  water  till  all  chlorine  is  removed,  then 
<lried  at  below  30"  (J.  on  a  glass  or  porcelain  plate  until  all  extraneous 
m<»isture  is  removed  ;  or  the  crystals  may  be  treated,  after  thorough 
washing  with  alc<»hol  and  ether,  as  <lescribed  below  for  sodiimi 
thiosulphate. 

2.    Decinormal  Sodium  Thiosulphate. 

Xa.,S.,()..,  5n..()  =  248-27 -24-827  gm.  per  liter. 

It  is  not  dirticult  either  to  njanufacture  or  procure  pure  sodium 
thiosulphate,  lait  there  may  be  uncertahity  as  to  extraneous  Avater  held 
within  the  crystals.  In  onler  to  avoid  this  ^feineke  (Chem  Zeit. 
xviii.  33)  recommends  that  the  (otherwise  pure  crystals  be  bi*oken  to 
cojxrse  powder,  washed  first  with  pure  alcohol,  then  with  ether,  and 
lastly  dried  in  a  current  of  dry  air  at  ordinary  temi)emture.  The  salt 
so  prepared  may  be  weighed  directly,  and  dissolved  in  a  liter  of 
distille*!  water,  and  then  titrated  Avith  the  iodine  solution  and  starch. 
It  is  ailvisable  to  preserve  the  solution  in  the  dark.  After  a  time  all 
solutions  of  thiosulphate  undergo  a  slight  amount  of  oxidation,  and 
sulphur  deiKjsits  uinai  the  ])ottle  ;  it  is  therefore  always  advisable  to 
titmte  it  previous  to  use, 

*MorBe  and  Bnrton  (Amcir.  Chem.  Jour.,  18S8)  state  that  i>otasiiiam  iodide  may  be 
completely  freed  from  iodate  by  boiling  a  solution  of  it  with  zinc  amal|?am,  i)rei>ared  by 
shakiniir  >inc  dust  in  ^oo<l  proportion  with  mercury  in  presence  of  tartaric  acid,  and  washing 
with  water.  The  iodate  is  completely  reduceil  with  formation  of  zinc  hydroxide.  The 
pure  solution  of  iodide  is  filtered  for  use  through  a  i)ax)er  filter  sattinited  with  hot  water. 
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In  using  the  iodine  solution  a  tap  burette  should  be  employed,  as 
the  rubber  tube  becomes  hard  and  useless. 

3.    Starch  Indicator. 

One  \)SLTt  of  clean  jx)tato  starch,  or  arroAvroot,  is  first  mixed 
smoothly  with  cold  Avater  into  emulsion,  then  gradually  poured 
into  about  150  or  200  times  its  weight  of  boiling  water,  the  boiling 
continued  for  a  few  miiuites,  then  alloAved  to  stand  and  settle 
thoroughly;  the  clear  solution  only  is  to  be  used  as  the  indicator, 
of  which  a  few  drops  only  are  necessary.*  The  solution  may  be 
preserved  for  some  time  by  adding  to  it  a  few  di'ops  of  clUoroform, 
and  shakuig  well  in  a  stoppered  bottle,  but  it  is  i>refera]>le  to  use  a 
fresh  solution  in  all  cases. 

Lintner's  soluble  starch  acts  well  as  an  indicator,  as  it  gives  at 
once  a  clear  solution  in  boiling  water.  The  colour  which  occurs  with 
this  form  of  starch  is  not  quite  so  ))Ui'e  a  blue  as  fresh  ordinary 
starch,  owing  to  the  presence  of  some  dextrine  protluced  unavoidably 
in  the  preparation,  but  it  is  no  hindrance  to  the  end-point  in  practice. 

Extension  of  the  lodometric  System. 

The  verification  and  extension  of  iodometric  methods  have  received  considerable 
attention  from  a  great  number  of  chemiste,  among  whom  may  be  mentioned 
J.  "Wagner  (Z.  a.  C,  1899,  427-453),  who  has  determined  the  accmwjy  of  the 
estimation,  by  means  of  thiosulphate  solutions,  of  the  iodine  liberated  from 
acidified  potassium  iodide  solutions  when  the  oxidizing  agents  emplo^^ed  are 
potassium  and  sodium  bromate,  potassium  bichromate,  chromate,  and  iodate. 
The  titrations  should  be  carried  out  in  flasks  and  not  in  beakers ;  a  titration 
with  xK>tas8ium  bichromate  and  iodide  required  25*67  c.c.  of  thiosulphate  when 
carri€Kl  out  in  a  flask,  and  three  titrations  varied  by  only  0*01  c.o. ;  a  similar 
titration  in  a  beaker  required  2562  c.c.  of  thiosulphate,  and  three  titrations 
varied  as  much  as  0*07  c.c. 

With  reference  to  the  application  of  ioiometry  to  the  estimation  of  acids  and 
alkalies  Walker  and  Gillespie  (Z.  a.  C,  1899,  194)  have  sho^^-n  that  when 
iodine  acts  upon  a  solution  of  a  metallic  hydroxide  at  a  temperature  high 
enough  to  destroy  any  trace  of  hypoiodite  a  perfectly  neutral  liquid  is  produced 
which  contains  1  molecule  of  iodate  to  5  of  iodide.  On  adding  dilute  acid,  these 
two  salts  interact  in  the  well-known  i^ay,  evolving  6  atoms  of  iodine ;  and  by 
titration  with  thiosulpliate  or  arsenious  acid,  the  iodine— that  is  to  saj',  the 
original  hydroxide— may  be  estimated.  Similarly,  an  acid  may  be  neutralized  by 
a  known  excess  of  alkali  standardized  in  this  way,  when  determination  of  the 
surplus  will  ^ve  the  strength  of  the  acid.  The  jirocess  lias  been  tested  on  the 
hydroxides  of  the  alkalies  and  alkaline  earths,  on  sulphuric  and  hydrochloric 
acids;  and  although  the  precautions  necessary  to  avoid  loss  of  iodine  and 
carbonation  of  the  liquid  perhaps  render  it  somewhat  complicated,  the  reaction 
proceeds  so  smoothly  that  it  should  he  serviceable  for  the  indirect  analysis  of 
acids  and  probably  for  other  suitable  coraiwunds.  It  cannot,  however,  be 
employed  on  alkali-metal  carbonates.  The  method  outlined  by  Phelps 
(Analyst,  1897,  65)  may  with  advantage  be  slightly  modified.  A  moderate 
excess  of  decinormal  iodine  is  placed  in  a  lightly-covered  conical  flask,  the  alkali 
is  added  (or,  in  detenniuing  acid,  the  acid  is  added,  followed  by  a  measured 
excess  of  standard  alkali),  and  the  whole  is  boiled  till  all  free  iodine  is  volatilized. 
The  bulk  of  the  liquid  in  all  tests  should  be  uniform  and  as  small  as  possible, 

*  In  iodometric  analyses  it  is  always  advisable  in  titrating  the  free  iodine  with  thio- 
sulphate or  arsenious  solution  to  delay  adding  the  starch  untu  the  iodine  colour  is  nearly 
removed ;  a  much  more  delicate  ending  may  be  obtained  and  witb  very  little  starch. 
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Hlarting  willi  about  100  c.c.  and  boilm^  down  lo  nboiit  3o  I'.c,  The  Tew<el 
is  cooled  in  n  ttKam  of  water,  10  c.o.  ol  dilute  Bulphiirio  or  hydrochloric  acid 
added,  and  the  liquid  titrated  with  thio«ul[)hate  and  starch  in  the  upual  iny. 

TV'.  L.  Andrews  (Zeif  anorg.  Chim..  1903.  76)  statw  tbit  when  chlorine 
ivktcr  is  added  to  h  neutrnl  Kolution  or  potMHium  iodide  until  the  chlorotorm  used 
u  indicator  if  decokiriied,  reaction  t&kcu  place  according  to  the  equation : 
Kl  +  XIj  +  3H,0  =  KCl  +  HIO,  +  5HCl.  but  if  a  Uive  excesa  of  hydro- 
chloric acid  is  present,  the  reaction  takes  place  according  to  the  equation  : 
KI  +  Clj=-KCI  +  ICI,  In  bolh  cases,  the  end-point  o[  the  reaction  ib  sharp. 
The  reaction  of  potassium  iod>te  on  potassinm  iodide  is  similarly  depnidmt  on 
the  amount  lA  acid  present ;  It  there  \»  «.  l&rge  excess  of  acid,  the  reaction  takes 
pUoe  according  lo  Ihe  equation ;  2KI  +  KIC^ -t-  6UC1  =i3KCl  +  3lCI  +  »Rfi,  and 
this  reaction  is  used  in  the  estimation  of  iodides,  free  Iodine,  chromates,  chlorates, 
antimony,  .-irsenio,  and  iron.  In  the  etitimatiuu  of  an  iodide,  w  much  cca- 
centrateS  hydrochloric  acid  is  added  lliat  after  titration  there  will  be  not  less 
than  15  jier  cent,  present ;  about  6  c.c.  of  chloroform  are  added,  and  the  solution 
is  litiated  in  a  stoppered  bullle  with  "/lo  potassium  iodate  solution  until  the 
chloroform  is  decolorized  and  (he  aqueous  solution  is  yellow,  on  account  of  the 
presence  of  dissolved  iodine  chloride.  In  the  estimation  of  oxidiiin);  comiiounds, 
a  known  excess  of  potasiiium  iodide  is  first  added,  and  the  same  method  employed 
in  order  to  determine  the  eicese  which  lins  been  taken.  For  the  estinution 
MT  the  antimony  and  araenic,  no  nitric  acid  and  nilver  nitrate  is  added.  The 
preci{iilate  is  washed  and  ditcested  nitb  zinc  and  dilute  sulphuric  acid;  the 
resulunti;  solution  i*  neutmlized.  filtered,  and  examined  by  the  method  already 
described. 


ANALYSIS  OF  SUBSTANCES  BY  DISTIUiATION 
WITH  HYDBOCHLOBIC  ACID  INTO  ALKAUNE 
IODIDE. 

§  39.     Therb  iin.'  ti  ({reat  \'nriut,v  I'f  subaMiici-s  onutuiiiing  uxygen, 
ivhicli  nhciiJxiileJ  witli  hydrwiilorii;  acid  yield  cldoriiie,  eiiuivnleiit 
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to  tlio  whole  {ir  a  jinrt  only  of  tlie  oxygen  tliey  coiitniu  accnrtliiig  Ut 
lirciuiiatanofs.  Ui)on  this  feet  are  lasei]  thn  variety  of  analytx-s 
whicli  limy  be  accomplished  1iy  means  of  ioiline  and  sodium  thio- 
sulphatc,  or  nreenite ;  the  chlorine  so  evolved,  however,  is  not  itself 
estimated,  but  is  cimveyed  hy  nieann  of  a  suitable  apparatus  into 
ft  solution  of  potassium  iodide,  thereby  liberating  an  equivalent 
quantity  of  iodine.  Tliis  latter  IkkIv  is  then  estimated  by  thio- 
aulphat« ;  the  qtianttty  so  fouml  is,  therefore,  a  measure  of  the 
oxygen  existing  in  the  original  aulffitanec,  and  consequently  n  measure 
of  the  sulfstanee  itself.  Analyses  of  this  class  may  l>c  made  the  most 
e.\act  in  tlic  whole  range  of  volumetric  analysis,  far  outstripping  any 
process  liy  weight. 

The  apparatus  nseil  for  distilling  the  Brdistanees,  and  conveying  the 
lilwrated  chlorine  into  the  alkaline-  iodide,  may  possess  a  variety  of 
forms,  tlie  most  aen-ieeahle,  however,  Iieing  the  kinds  devised 
respectively  by  ISnnsen,  Kre.senius,  Mobr,  and  others,  among 
which  one  of  the  best  is  one  constnicted  so  as  Ut  avoid  the  use  of 
corks  or  india-ndil>er,  which  an?  soon  destroyed  by  the  < 
action  of  inline  and  acid  fsee  g  62,  lig.  4')). 


Eunsen's  arr.ingement  consist;'  of  an  inverted  retort,  into  the  neck 
which  the  tnbe  from  the  small  distilling  flask  is  passed. 
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Owing  Ui  the  j^reat  solubilitv  of  HCl  iii  the  form  of  p;as,  tlio 
appamtus  iniiHt  1k»  so  constnicU?(l  that  when  all  CI  is  HI  unrated  and 
HCl  hegins  to  distil,  the  li<iiiid  may  not  nish  l>ack  to  the  flask 
o>nng  to  condensiition. 

The  iKMt  preventive  of  this  regurgitation  is,  however,  suggested  by 
Fresenius,  and  applieahle  to  eaeh  kind  of  aj)])aratus  ;  namely,  tlu^ 
addition  of  a  few  pieees  of  ]nire  magnesite.  This  suKstanee  dissolves 
hut  slowly  in  the  hydrcK-hlorie  acid,  and  so  keeps  up  a  constant  flow 
of  CC).>,  the  pressure  of  which  is  sufficient  to  prevent  the  r(»tuni 
of  the  li(piid. 

The  aj)pamtus  contrived  hy  Fresenius  is  shown  in  fig.  39,  and  is 
e.\cc»e<lingly  useful  as  an  absorption  aj)panxtus  for  general  purposes. 

Molir's  ajUMirdtus  is  shown  in  fig.  40,  and  is,  on  account  of  its 
simplicity  of  construction,  very  easy  to  use. 

The  distilling  flask  is  of  about  2  oz.  cajwicity,  and  is  fitted  witli  a 
cork  soaked  to  saturation  in  melted  i>aniffin ;  through  the  cork 
the  d<*livery  tuln*  containing  one  bulb  pasj^es,  antl  is  again  jmssed 
through  a  common  cork,  fitted  loosely  in  a  stout  tube  alnuit  12  or 
13  inches  long  and  1  inch  wide,  ch>sed  at  one  end  like  a  test  tulH*. 
This  tube,  contiiining  the  alkaline  iodide,  is  placed  in  an  hydrometer 
glass,  about  12  inches  high,  and  surrounded  by  cold  water;  the 
(lelivery  tulwi  is  dmwn  out  to  a  fine  iM)int,  and  ivaches  nearly  to  tlie 
bottom  of  the  condenser.  No  sujiport  or  clamp  is  necessary,  as  the 
hyilrometcr  glass  keeps  everything  in  position.  The  suKstance  to  1k» 
distilled  is  put  into  the  flask  and  covere<l  with  strong  hydrochloric 
acid,  the  magnesite  added,  the  condenser  supplied  with  a  sufficient 
(piantity  (►f  iodich*  s()lution,  an<l  the  apj>amtus  j)ut  together  tightly. 
Either  an  argand  or  common  spirit  lamp,  or  gjis,  may  be  used  for 
heating  tin*  fltisk,  but  the  flame  must  be  manageable,  so  that  tlio 
boiling  can  be  regidated  at  will.  In  the  case  of  the  common  spirit 
lamp  it  may  1m»  held  in  the  hand,  and  a]>plied  or  withdmwn  according 
to  the  necessities  of  the  case  ;  the  argan<l  spirit  or  gas  lamp  can,  of 
course,  be  regulateil  l>y  the  usual  arrangements  for  the  puri)Ose. 
If  the  iodine  lilwiated  bv  th(^  chlorine  evolved  should  be  more 
than  will  remain  in  s(>luti(>n,  the  cork  of  the  condensing  tulu'  must  b« 
lifted,  and  more  solution  added.  When  the  openition  is  judged  to  be 
at  an  end,  the  apparatus  is  disconnected,  an<l  the  (hdivery  tid»e  washed 
out  into  tlu»  iodide  solution,  which  is  then  emjitied  into  a  beaker  or 
flask  and  pres(»rved  for  titration,  a  little  fresh  iodi<le  solution  is  put 
into  the  condenser,  the  apparatus  again  put  together,  and  a  second  <lis- 
tillation  commenced,  and  continued  for  a  nunute  or  so,  to  collect  every 
tmce  of  free  chlorine  jtresent.  This  second  operation  is  oidy  necessary 
as  a  safeguard  in  case  the  first  shoidd  not  have  l>een  complet<'. 

The  solutions  are  then  mixed  together  and  titmted  in  the  manner 
previously  descril>e<l.  In  all  cases  tin*  solution  must  l>e  cooler! 
JM'fore  adding  the  thiosidphate,  otherwise  sulphuric  acid  uiight  l»e 
foruKMl. 

Instead  of  the  large*  t<^st  tube,  some  op(»nitors  use  a  [J  tube  to 
contain  the  potassium  iodide,  having  a  bulb  in  each  limb,  but  the- 
latter  is  not  necessary  if  magnesit<?  is  used. 
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The  solution  of  ixitasaium  iodide  may  conveniently  be  made  of 
fluch  a  atrengtli  that  -^  eq.  or  33*2  gm.  ore  contained  in  the  liter. 
1  c.c.  will  then  be  sufficient  to  absorb  the  quantity  of  free  ioJine, 
representing  1  [jer  cent,  of  oxygen  in  the  substance  analyzed, 
supposing  it  to  be  weighed  in  the  metric  syslflm.  In  examining 
l)croxide  of  manganese,  for  instance,  0'436  gm.  would  be  used,  and 
supposing  the  petcent^e  of  peroxide  to  be  about  sixty,  60  e.c  of 
iodide  solution  would  be  sufficient  to  absorb  the  chlorine  and  keep  in 
solution  the  iodine  liberated  by  the  process  ;  it  is  advisable,  however, 
to  have  an  excess  of  iodide,  and,  therefore,  in  this  cose,  about  70  c.c. 
or  dm.  should  be  used.  A  solution  of  indefinite  strength  will  answer 
as  well,  so  long  as  enough  is  used  to  a1>sorb  all  the  iodine.  It  may 
sometimes  liappeu  tliat  not  enough  iodide  is  present  to  keep  all  the 
liberated  iodine  in  solution,  in  which  ease  it  will  separate  out  in  the 
solid  form;  more  iodide,  however,  may  he  added  to  dissolve  the 
iodine,  and  the  titration  can  then  be  made  as  usual. 

The  process  of  distillation  above  described  may  1>e  avoided  in 
many   cases.     There   are   a  great  number  of  substances  which,  by 

mere  digestion  with  hydrochloric  acid  and  potass 

elevated  temperature,  undergo  decomposition 
quite  as  completely  as  by  distillation.  For 
this  purpose  a  strong  Iwttle  with  a  very : 
accurately  ground  stopper  is  necessary;  and 
as  the  ordinary  stoppered  bottles  of  com- 
merce are  not  sufficiently  tight^  it  is  better 
to  re-grind  the  stopper  with  a  little  very  fine 
emery  and  water.  It  must  then  be  tested 
by  tying  the  stopper  tightly  down  and 
immersiTig  in  hot  water;  if  any  bubbles  of 
air  find  their  way  through  the  stopper  the  r^,^ 
Iwttle  is  useless.  The  capacity  may  varj'  • — 
from    30    to    150    c.c,    accottling    to    the  Kg  41. 

necessities  of  the  case. 

The  stopper  may  be  secured  by  line  copper  binding-wire,  or  a  kind 
of  clamp  contrived  by  Mohr  may  be  used,  as  shown  in  fig.  41  ;  by 
means  of  the  thnmb-screwa  the  pressure  upon  the  stopper  may  be 
increased  to  almost  any  extent. 

The  substance  U>  be  examineil,  if  in  [wwder,  is  jmt  into  the  bottle 
with  jiure  flint  pebbles  or  small  garnets,  so  as  to  divide  it  better,  and 
a  sufficient  quantity  of  miurated  solution  of  potassium  iodide  and 
pure  hydrochloric  acid  added ;  the  stopper  is  then  inserted,  fastened 
down,  and  the  bottle  suspended  in  a  water  bath,  and  the  water 
is  gradually  heated  to  boiling  by  a  gas  flame  or  hot  plate  as  may 
be  most  convenient.  When  the  decomposition  is  complete  the  bottle 
U  removed,  allowed  to  cool  somewhat,  then  placed  in  cold  water,  and, 
after  being  shaken,  emptied  into  a  beaker,  and  tlie  liquid  diluted  by 
the  washings  for  titration. 

The  salts  of  chloric,  iodic,  bromic,  and  chromic  acids,  together  with 
many  other  compounds,  may  be  as  effectually  decomposed  by  iligestion 
as  by  distillation  ;    many  of  them  even  at  ordinary  temperatures. 
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Recently  precipitated  oxides,  or  the  natural  oxides  when  reduced  to 
fine  powder,  are  reailily  dissolved  and  decomiwsed  l)y  very  weiik  acid 
in  the  presence  of  potassium  i^nlidc  (Pickering). 

The  potassimu  iodide  used  in  the  various  analyses  must  Ikj 
absolutely  free  from  iodate  and  free  iodine,  or  if  otherwise,  the 
•effect  of  the  impurity  must  be  known  by  blank  experiment. 

ABSENIOUS  ACID  AND  IODINE. 

§  40.  The  principle  upon  wliich  this  method  of  analysis  is  l>ased 
is  the  fact,  that  when  arsenious  acid  is  brought  in  contact  >vith  iodine 
in  the  presence  of  water  and  free  alkali,  it  is  ccnivertiMl  into  ai^senic 
acid,  the  reaction  l)eing 


rr    -. 


AS.,(  )3  +  4 1  +  2K^,0  =  As.^(  \  +  4KI. 

The  alkali  must  be  in  sufficient  quantity  to  combine  with  the  hydriodic 
acid  set  free,  and  it  is  necessary  that  it  should  exist  in  the  state  of 
bicarbonate,  as  caustic  or  monocarlx>nated  alkalies  interfere  Avith  the 
colour  of  the  blue*  iodide  of  starch  used  as  indicator. 

If,  therefore,  a  solution  of  arsenious  acid  containing  starch  is 
titrated  with  a  solution  of  icnline  in  the  presence  of  an  alkaline 
bicarbonate,  the  l)lue  colour  does  not  occur  until  all  the  arsenious 
acid  is  oxidized  into  arsenic  acid.  In  like  manner,  a  standard  solution 
of  arsenious  acid  may  be  used  for  the  estimation  of  iodine  or  other 
lx)dies  which  possess  tlie  iK)wer  of  oxidizing  it. 

The  chief  value,  however,  of  this  method  is  found  hi  the  estimation 
of  free  chlorine  existing  in  the  so-called  chloride  of  lime,  chlorine 
water,  hyjxK*ldorites  of  lime,  soda,  etc.,  in  solution  ;  generally  included 
under  the  term  of  ehlorimetry. 

Prepaxation  of  the  ^  Solution  of  Alkaline  Arsenite. 

As20.,=  198  ;  4*95  gm.  per  liter. 

The  iodine  solution  is  the  stime  as  described  in  §  38. 

The  corresponding  solution  of  alkaline  arsenite  is  prepared  by 
dissolving  4*95  gm.  of  the  jairest  sublimed  arsenious  oxide  reduceil 
to  powder,  in  about  250  c.c.  of  <listilled  water  in  a  flask,  with  alxnit 
20  gm.  of  pure  sodium  carbonate.* 

The  mixture  needs  warming  and  sliaking  for  some  time  in  order 
to  complete  the  solution ;  when  this  is  accomplished  the  mixture  is 
tliluted  somewhat,  cooled,  then  made  up  U)  the  liter. 

In  order  to  test  this  solution,  20  c.c.  are  put  into  a  beaker  with 
a  little  starch  indicator,  and  the  io<line  solution  allowed  to  flow  in 
from  a  burette,  graduated  in  jjj  c.c.  until  the  blue  colour  appears. 
If  exactly  20  c.c.  are  recpiired,  the  solution  is  strictly  decinormal ;  if 
otherwise,  the  necessary  factor  must  >)e  found  for  converting  it  to  that 
strength, 

*  In  a  former  edition  of  this  book,  the  arsenious  solution  was  rec  jmmeuded  to  be  mude 
with  alkaline  bichromate,  but  this  has,  i^ter  keeping,  been  found  to  give  defective  results 
with  bleach  analyses  from  some  cause  not  yet  understood. 
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Iodized  Starch-paper.— Starch  solution  cannot  be  used  for  the 
direct  estimation  of  free  chlorine,  consequently  resort  must  l)e  had  to 
an  external  indicator ;  and  this  is  verv  conveniently  found  in  starch- 
io<lide  pajier,  which  is  best  preimred  by  mixing  a  portion  of  stan-h 
solution  with  a  few  drops  of  solution  of  potassium  iodide  on  a  plate, 
and  soaking  strips  of  pure  filtering  paper  therein.  The  i)aper  so- 
prepared  is  us(mI  in  the  damp  state,  and  is  far  more  sensitive  than 
when  dried. 


§  41.  PRECIPITATION   ANALYSES.  1-41 

PART   IV. 

ANALYSIS   15Y   PRECIPITATION. 

§  41.  TuE  geneml  principle  of  this  metluxl  of  detennining  the 
quantity  of  any  given  substance  is  alluded  to  in  §  1,  and  in  all  instances 
is  such  that  the  \xx\y  to  Ix?  estimated  fonus  an  insoluble  precipitate 
with  a  titrated  reagent.  Tlie  end  of  tlie  reaction  is,  however,  determined 
in  three  ways. 

1.  By  addhig  the  reagent  until  no  further  precipitate  occurs,  as  in 
the  determination  of  clilorine  by  silver. 

2.  l\y  adding  the  reagent  in  tlie  presence  of  an  indicator  containe<l 
either  in  the  liquid  itself,  or  brought  externally  in  contact  with  it,  so 
that  the  slightest  excess  of  the  reagent  sliall  produce  a  characteristic 
reaction  witli  the  indicator ;  as  in  tlie  estimation  of  silver  with  sodium 
chloride  by  the  aid  of  potassium  chrc^mate,  or  with  thiocyanate  and 
ferric  sulphate,  or  that  of  phosphoric  acid  with  uranium  by  potassium 
ferrocyanide. 

3.  By  adding  the  reagent  to  a  clear  solution,  until  a  precipitate 
occurs,  as  in  the  estimation  of  cyanogen  by  silver. 

The  first  of  these  endings  can  only  l)e  applied  with  great  accuracy 
to  silver  and  chlorine  estimations.  Very  few  J^recipitates  have  the 
peculiar  quality  of  chlori<le  of  silver ;  namely,  almost  ])erfect  insolu- 
bility, and  the  tendency  to  cunlle  closely  by  shaking,  so  as  to  leave 
the  menstnuim  clear.  Some  of  the  most  insoluble  i)recipitates,  such 
as  barium  sulphate  and  calcium  oxalate,  are  unfortunately  excluded 
from  this  class,  because  their  finely  divided  or  powdery  nature  prevents 
their  ready  and  i)erfect  subsidence. 

In  all  these  cases,  therefore,  it  is  necessary  to  find  an  indicator, 
which  brings  them  into  class  2. 

The  third  class  comprises  only  two  processes ;  viz.,  the  determination 
of  cyanogen  by  silver,  and  that  of  chlorine  by  mercuric  nitrate. 

Since  the  estimation  of  chlorine  by  precipitation  with  silver,  and 
that  of  silver  by  thiocyanic  acid,  can  be  use<l  in  many  cases  for  the 
intlirect  estimation  of  many  other  substjinces  with  great  exactness,  the 
preparaticm  of  the  necessary  standard  solutions  will  now  be  descrilx5d. 

SILVEB  AND  CHIiORINE. 
1.    Deoinormal  Solution  of  Silver. 

10-794  gm.  Ag  or  16-998  gm.  AgNO^  i)er  liter. 

10794:  gm.  of  pure  silver  are  dissolved  in  pure  dilute  nitric  acid 
witli  gentle  heat  in  a  flask,  into  the  neck  of  which  a  small  funnel  is 
dropped  to  prevent  loss  of  li(piid  by  spirting.  When  solution  is 
complete,  the  funnel  must  be  Avashed  inside  and  out  Avith  distilled 
water  into  the  flask,  and  the  li^juid  diluted  t<3  a  liter;  but  if  it  be 
desired  to  use  chromate  as  indicator  in  any  analysis,  the  s(jlution  must 
be  neutral ;   in  Avhich  case  the  solution  of  silver  in  nitric  acid  is 
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evaijorated  to  dryness,  anil  the  residue  dissolved  in  a  liter ;  or,  wliat  is 
prefera]>le,  16*966  gm.  of  pure  silver  nitrate,  previously  heated  to 
1 20°  C.  for  ten  minutes,  are  dissolved  in  a  liter  of  distilled  water. 

2.    Decinormal  Solution  of  Sodium  Chloride. 

5*845  gin.  KaCl  per  lit^r. 

5*845  gm.  of  i)ure  sodium  chloride  are  dissolved  in  distilled  water, 
and  the  solution  made  up  to  a  liter. 

There  are  two  methods  by  which  the  analysis  may  be  ended : 

(a)  By  adding  silver  cautiously,  and  well  shaking  after  each 
addition  till  no  further  precipitate  is  produced.     For  details  see  §  74. 

{b)  By  using  a  few  drops  of  solution  of  pure  i)otassium  chromate 
as  indicator,  devised  by  Mohr.  If  the  i)ure  salt  is  not  at  hand,  some 
drops  of  silver  nitrate  solution  should  l)e  added  to  the  solution  of  the 
ordinary  salt,  to  remove  cldorine,  and  the  clear  liquid  used. 

The  method  h  is  exceedingly  serviceable,  on  the  score  of  saving 
l»oth  time  and  trouble.  The  solutions  must  be  neutral,  and  cold. 
^Vhen,  therefore,  acid  is  present  in  any  solution  to  be  examined,  it 
should  be  neutralized  with  pure  sodium  or  calcium  carbonate  in  v^ry 
slight  excess.* 

^Iethod  of  PROCEDrfiE :  To  the  neutral  or  faintlv  alkaUne  solution  two  or 
three  drops  of  a  cold  saturated  solution  of  chromate  are  added,  and  the  silver 
solution  delivered  from  the  burette  until  the  last  drop  or  two  produce  a  faint 
blood-red  tinge,  an  evidence  tliat  all  the  chlorine  has  combined  with  the  silver, 
and  the  slight  excess  lias  formed  a  precipitate  of  silver  chromate  ;  the  reaction  is 
very  delicate  and  easily  distinguished.  The  colour  reaction  is  even  more  easily 
seen  by  gas-light  than  M^  daylight.  It  may  be  rendered  more  delicate  by  adopting 
the  i)lan  suggested  by  I)upr6  (Analyst  v.  123).  A  glass  cell,  about  1  centimeter 
in  depth,  is  filled  with  water  tinted  with  chromate  to  the  same  colour  as  the 
solution  to  be  titrated.  The  operation  is  performed  in  a  white  porcelain  basin. 
The  faintest  appearance  of  the  red  change  is  at  once  detected  on  looking  through 
the  coloured  cell.  For  the  analysis  of  waters  weak  in  chlorine  this  method  is 
ver>'  serviceable,  but  contrary  to  what  lias  been  generally  accepted,  the  accuracy 
of  the  results  are  seriously  interfered  with  by  great  dilution  or  high  temperature 
(W.  G.  Young,  Analyst  xviii.  125).  As  is  the  case  with  most  volumetric 
processes,  it  is  therefore  necessary  in  order  to  secure  a  high  degree  of  accuracy  to 
titrate  under  the  same  conditions  under  which  the  standard  was  fixed. 

INDIRECT  ESTIMATION  OP  AMMONIA,  SODA, 
POTASH,  LIME,  AND  OTHBB  ALKALIES  AND 
ALKALINE  EARTHS,  WITH  THEIR  CARBONATES, 
NITRATES,  AND  CHLORATES,  ALSO  NITROGEN, 
BY  MEANS  OP  DECINORMAL  SILVER  SOLUTION 
AND  POTASSIUM  CHROMATE,  AS  INDICATOR. 

1  c.c.  ^/lo  silver  solution  =  yo^Jg^r  ^^-  ^^-  ^^  ^'^^^^  substance. 

§  42.  MoHR,  with  his  characteristic  ingenuity  has  made  use  of  the 
delicate  reaction  between  chlorine  and  silver,  with  potassium  chromate 

•Silver  chromate  is  seusibly  soluble  in  the  presence  of  alkaliu?  or  earthy  nitrates, 
especially  at  a  high  temperature ;  sodium  and  calcium  nitrates  have  the  least  effect ; 
ammonium,  potassium,  and  ma^iesium  nitrates  the  greatest,  ^em  also  Forbes 
Carpenter  (J.  S.  C.  T.  v.  286). 
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as  iiulicator,  for  the  cleierminatioii  of  the  bodies  mentioned  al>ove. 
All  compounds  capable  of  l>eiug  converted  into  neutral  cldorides  by 
evaporation  to  dryness  with  hydrochloric  acid  may  be  determined  with 
grout  accuracy.  The  chlorine  in  a  combined  state  is,  of  course,  the 
only  substance  actually  determined;  but  as  the  laws  of  chemical 
combination  are  exact  and  well  known,  the  measure  of  chlorine  is  also 
th(^  measure  of  the  base  with  which  it  is  combined. 

In  most  cases  it  is  only  necessary  to  shghtly  supersaturate  the  alkali, 
or  its  carbonate,  with  pure  hydrochloric  acid ;  evaporate  on  the  water 
bath  to  dryness,  and  heat  for  a  time  to  120^  C.  in  the  air  Ijath,  then 
dissolve  to  a  given  measure,  and  take  a  iK>rtion  for  titration  ;  too  great 
dilution  nnist  be  avoided. 

Alkalies  and  Alkaline  Earths  with  organic  acids  are  ignited  to 
convert  them  into  carbonates,  then  tr(»atod  with  hydrochloric  acid,  and 
eva]H>mted  as  before  described. 

Carbonic  Acid  in  combination  may  be  determined  by  i)re<iipitation 
with  barium  chloride,  as  in  §  23.  The  washed  precipitate  is  dissolved 
on  the  filter  Avith  hydnx^hloric  acid  (covering  it  with  a  watch-glass  to 
prevent  loss),  and  tlien  evaporated  to  dryness  repeatedly  till  all  HCl  is 
driven  oti".  In  onler  to  titnite  with  accuracy  by  the  help  of  chromate, 
the  baryta  must  Ije  precipitate<l  l)y  means  of  a  solution  of  pure  sodium 
or  potassium  sulphate,  in  slight  excess ;  the  precii)itated  barium 
sidphate  does  not  interfere  with  the  delicacy  of  the  reaction.  If  this 
precaution  were  not  taken,  the  yellow  ]»arium  chromate  would  mislead. 

Free  Carbonic  Acid  is  cc^llected  b}'  means  of  ammonia  and  barium 
chloride  (as  in  §  23),  and  the  estimation  completi'd  as  in  the  case  of 
combined  C<  >.,. 

Chlorates  are  convert(Ml  int<»  chloritles  l)y  ignition  before  titration. 

Nitrates  are  evajx)rated  with  concentrated  hy<lr<»chloric  acid  and 
the  resulting  chlorides  titmted,  as  in  the  previous  case. 

Nitrogen.— The  ammonia  evolved  from  guano,  manures,  oilcakes, 
and  sundry  other  substances,  when  bunied  with  soda  lime  or  ol)taiiHHl 
by  the  Kjeldahl  method,  is  conducted  through  dilute  hydrocldoric 
acid  ;  the  liquid  is  carefully  evapomtt^d  to  dryne.ss  l)efore  titration. 

In  all  cases  the  operator  will,  of  course,  take  care  that  no  chlorine 
from  extraneous  soiuxjes  other  than  the  hydrochloric  acid  is  present ; 
or  if  it  exists  in  the  bodies  themselves  as  an  impurity,  its  quantity 
must  be  first  determinetl. 

Example:  0*25  \i\\\.  pure  Rodiuin  carbonate  wh'a  dissolved  in  water,  and 
hydrochloric  acid  added  till  in  excess ;  it  ^-as  then  dried  on  the  water  bath  till  no 
further  vapours  of  acid  were  evolved ;  the  rt^sulting  white  mass  was  heated  for 
a  few  minutes  to  about  lo(f  C,  dissolved  and  made  up  to  300  c.c.  100  c.c. 
required  15-7  c.c.  ^jio  silver,  this  multiplied  by  3  gave  47' 1  c.c.  which  multiplied 
by  the  »/io  factor  for  sodium  carlwnate  =  00053,  ^'ave  0-24963  ^nu.  instead  of 
0-25  trm. 

Indirect  Estimation  of  Potash  and  Soda  existing  as  Mixed 
Chlorides.— It  is  a  problem  of  frequent  occurrence  to  determine  the 
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relative  quantities  of  })otash  and  soda  existing  in  mixtures  of  the  two 
alkalies,  such  as  occur,  for  instance,  in  urine,  manures,  soils,  waters, 
•etc.     Tlie  actual  sei)amtion  of  potash  from  soda  by  means  of  platinum 

is  tedious,  and  not  always  satisfactory. 

The  following  method  of  calculation  is  frequently  convenient,  since 
41  careful  estimation  of  the  chlorine  present  in  the  mixture  is  the  only 

labour  required ;  an<l  this  can  most  readily  be  accomplished  by  ^/lo 

silver  and  chromate,  as  previously  described. 

(1)  Tlie  weight  of  the  mixed  pure  chlorides  is  accurately  found  and  noted. 

(2)  The  chlorides  are  then  dissolved  in  water,  and  very  carefully  titrated 
with  ^/lo  silver  and  chroniate  for  the  amount  of  chlorine  present,  which  is  also 
recorded ;  the  calculation  is  then  as  follows : — 

The  weight  of  chlorine  is  multiplied  by  the  factor  2103 ;  from  the  product 
so  obtained  is  deducted  the  weight  of  the  mixed  salts  found  in  1.  The  remainder 
multiplied  by  3"6288  will  give  the  weight  of  sodium  chloride  present  in  the 
mixture. 

The  weight  of  sodium  chloride  deducted  from  the  total  as  found  in  1  will  give 
the  weight  of  potassium  chloride. 

Sodium  chloride         x     0*5302 = Soda  (Na,0). 
Potassium  chloride     x     06317  =  Potash  (KjO). 

The  principle  of  the  calculation,  which  is  based  on  the  atomic  constitution  of  the 
individual  chlorides,  is  explained  in  most  of  the  standard  works  on  general 
a.nalysis.  Indirect  methods  like  this  can  only  give  useful  results  when  the 
atomic  weights  of  the  two  substances  differ  considerably,  and  when  the  proportions 
■SLve  approximately  equal. 

Another  method  of  calculation  in  the  case  of  mixed  potassium  and 
sodium  chlorides  is  as  follows  : — 

The  weight  of  the  mixture  is  first  ascertained  and  noted ;  the  chlorine  is  then 
found  by  titration  with  ^/lo  silver,  and  calculated  to  NaCl ;  the  weight  so  obtained 
18  deducted  from  the  original  weight  of  the  mixture,  and  the  remainder  multiplied 
by  2*42857  will  give  the  potassium. 

SILVER  AND  THIOCYANIC  ACID. 

§  43.  This  excellent  and  most  accurate  method  has  been  devised 
by  Volhard  and  is  fully  described  by  the  author  {Liebig's  Ann.  <K 
Chein.  cxc.  1),  and  has  been  favourably  noticed  by  many  other  well 
known  chemists.  It  differs  from  Mohr's  chromate  method  in  that 
the  silver  solutions  may  contain  free  nitric  acid,  which  rendei's  it  of 
great  service  in  indirect  analyses. 

This  method  is  based  on  the  fact  that  when  solutions  of  silver  and 
an  alkaline  thiocyanate  are  mixed  in  the  presence  of  a  ferric  salt,  so 
lonf^  as  silver  is  in  excess,  the  thiocyanate  of  that  metal  is  precipitated, 
and  any  brown  ferric  thiocyanate  which  may  form  is  at  once  decom- 
posed. When,  however,  the  thiocyanate  is  added  in  the  slightest 
excess,  brown  ferric  thiocyanate  is  formed,  and  asserts  its  colour  even 
in  the  presence  of  much  free  acid.  The  method  may  of  course  be 
used  for  the  estimation  of  silver,  and  by  the  residual  process,  for  the 
■estimation  of  substances  which  are  comidetely  precipitated  by  silver.* 

*  In  cases  where  chlorine  is  precipitated  by  excess  of  silver,  and  the  excess  has  to  be  found 
bv  thiocyanate,  experience  has  proved  that  it  is  absolutely  necessary  to  filter  off  the 
-ohloride  and  titrate  the  filtrate  and  washings.  If  this  be  not  done  the  solvent  effect  of  tlie 
thiocyanate  upon  the  AgrCl  will  grive  inaccurate  results.  This  fact  seems  to  have  been 
■overlooked  at  the  time  the  method  was  first  introduced. 
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It  may  be  used  for  the  estimation  of  silver  in  tlie  presence  of  copper 
u])  to  70  \)CT  cent. ;  also  in  presence  of  antimony,  arsenic,  iron,  zinc, 
manganese,  lead,  ca<lmium,  bismuth,  and  also  cobalt  and  nickel,  unle^ss 
the  proportion  of  these  latter  metals  is  such  as  to  interfere  by  intensity 
of  colour. 

It  may  further  be  used  for  the  indirect  estimation  of  chlorine, 
bromine,  and  iodine,  in  presence  of  each  other,  existing  either  in 
minerals  or  inorganic  compounds,  an<l  for  copper,  manganese,  and 
isiuc ;  these  will  bo  noticed  under  their  respective  heads. 

1.  Ddoinormal  Ammonium  or  Potassium  Thiooyanate. 

This  solution  cannot  be  prepared  by  weighing  the  thiocyanate 
direct,  owing  to  the  delicjuescent  nature  of  the  stilts ;  therefore  about 
H  gm.  of  the  ammonium,  or  10  gm.  of  the  jx^tassium  salt  may  be 
dissolved  in  about  a  liter  of  water  as  a  Imsis  for  getthig  an  exact 
solution,  wiiich  must  Ix?  finally  adjusted  by  a  correct  decinormal 
silver  solution. 

The  standard  solution  so  prejmred  i*emams  of  the  same  strength  for 
a  very  long  period  if  pi\»served  from  evaporation. 

2.    Decinormal  Silver  Solution. 

This  is  the  same  as  <lescribed  in  a  preceding  section  (§  41),  an<l  may 
I'ontain  free  nitric  acid  if  made  direct  from  metallic  silver. 

8.    Ferric  Indicator. 

This  may  consist  simi>ly  of  a  saturated  scdution  of  iron  alum ;  or 
may  be  made  by  oxidizing  ferixnis  sulphate  with  nitric  acid,  evaporating 
with  excess  of  sulphuric  acid  to  dissipate  nitrous  fumes,  and  dissolving 
the  resi«lue  in  water  so  that  the  strength  is  alx)ut  10  per  cent. 

5  c.c.  of  either  of  these  solutions  are  used  for  ea(!h  titmtion,  which 
must  always  take  place  at  oiilinary  temperatua's. 

4.    Pure  Nitric  Acid. 

This  must  be  free  from  the  lower  oxides  of  nitrogen,  sccuhmI  l)y 
diluting  the  usual  pur(»  acid  with  al)out  a  fourth  i)art  of  water,  an<l 
l)oilhig  till  jwrfectly  colourless.  It  should  then  be  preserved  in  the 
dark. 

The  quantity  of  nitric  acid  used  in  the  titration  may  vary  within 
wide  limits,  and  seems  to  have  no  ellect  upon  the  i)recision  of  the 
method. 

Example  :  50  c.c.  of  ^/lo  wlver  solution  are  placed  into  a  flask,  diluted 
somewbat  with  water,  and  5  c.c.  of  ferric  indicator  added,  together  with  about 
10  c.c.  of  nitric  acid.  If  the  iron  solution  should  cause  a  j'ellow  colour,  the 
nitric  acid  will  remove  it.  The  thiocyanate  is  then  delivered  ni  from  a  burette; 
at  first  a  white  precipitate  is  produced  rendering  the  fluid  of  a  milky  api)earance, 
and  as  each  drop  of  thiocyanate  falls  in,  it  produces  a  reddisb-browni  cloud  which 
quickly  disappears  on  shaking.  As  the  point  of  saturation  ai>proaches,  the 
precipitate  b«X)mes  flocculent  and  settles  easily;  finally,  a  drop  or  two  of 
Ihioc^-nnate  produces  a  faint  brown  colour  which  no  longer  disappears  on  shaking. 
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If  the  solutions  are  correctly  balanced,  exactly  50  c.c.  of  tliiocjunate  should  Ix? 
required  to  produce  this  effect. 

The  colour  is  best  seen  b\'  holding  the  flask  so  as  to  catch  the  reflected  light 
of  a  white  wall  or  a  susj)ended  sheet  of  white  paper. 

Precision  in  Colour  Reactions. 

§  44.  BuPB^  adopts  the  followinjii:  ingenious  method  for  colour  titrations 
{Analyst  V.  123)  : — As  is  well  known,  the  change  from  pale  yellow  to  red,  in  the 
titration  of  chlorides  by  means  of  silver  nitrate  with  neutral  chromate  as  indicator, 
is  more  distinctly  i>ereeived  by  gas-light  tlian  by  daylight ;  and  in  the  case  of 
potable  waters,  containing  from  one  to  two  grains  of  chlorine  per  gallon,  it  is 
absolutely  necessary  to  concentrate  by  evaporation  previous  to  titration,  or  else 
to  perform  the  titration  by  gas  or  electric  light.  The  adoption  of  the  follo^\'ing 
simple  plan  enables  the  operator  to  perceive  the  change  of  colour  as  sharpl}^  and 
with  as  great  a  certainty,  by  daylight  as  by  artificial  light.  Nevertheless,  as  has 
been  before  mentioned,  it  is  impossible  to  get  accurate  results  witli  very  weak 
solutions  of  chlorine  unless  the  silver  solution  is  standardized  uj)on  similar 
solutions. 

The  water  is  placed  into  a  white  porcelain  dish  (100  c.c.  are  a  useful  quantity), 
a  moderate  amount  of  neutral  chromate  is  added  (suflicient  to  impart  a  marked 
yellow  colour  to  the  water),  but  instead  of  looking  at  the  water  directly,  a  flat 
glass  cell  containing  some  of  the  n  utral  chromate  solution  is  interposed  between 
the  eye  and  the  dish.  The  effect  of  this  is  to  neutralize  the  yellow  tint  of  the 
water ;  or,  in  other  words,  if  the  concentration  of  the  solution  in  the  cell  is  even 
moderately  fairlj'  adjusted  to  the  depth  of  tint  imparted  to  the  water,  the 
appearance  of  the  latter,  looked  at  through  the  cell,  is  the  same  as  if  the  dish 
were  filled  with  pure  water.  K  now  the  standard  silver  solution  is  run  in,  still 
looking  through  the  cell,  the  first  faint  appearance  of  a  red  coloration  becomes 
strikingly  manifest ;  and  what  is  more,  when  once  the  correct  point  has  been 
reached  the  eye  is  never  left  in  doubt,  however  long  we  may  be  looking  at  the 
water.  A  check  exiKjriment  in  which  the  water,  with  just  a  slight  deficiency  of 
silver,  or  excess  of  chloride,  is  used  for  comparison  is  therefore  unnecessary. 

A  similar  plan  will  be  found  useful  in  other  titrations.  Thus,  in  the  case  of 
turmeric,  the  change  from  yellow  to  brown  is  perceived  more  sharply  and  with 
greafter  certainty  when  looking  through  a  flat  cell  containing  tincture  of  turmeric 
of  suitable  concentration  than  \\ith  the  naked  eye.  The  liquid  to  be  titrated 
should,  as  in  the  former  case,  be  placed  into  a  white  porcelain  dish.  Again,  in 
estimating  the  amount  of  carbonate  of  lime  in  a  water  by  means  of  decinormal 
acid  and  cochineal,  the  exact  point  of  neutrality  can  l)e  more  sliarply  fixed  by 
looking  through  the  cell  filled  with  a  cochineal  solution.  In  this  case  the 
following  plan  is  found  to  answer  best.  The  water  to  be  tested-  about  250  c.c. — 
is  jjlaced  into  a  flat  porcelain  e\'aporating  dish,  part  of  which  is  covered 
over  with  a  white  porcelain  plate.  The  ^vater  is  now  tinted  with  cochineal  as 
usual,  and  the  sulphuric  acid  run  in,  the  operator  looking  at  the  dish  through 
the  cell  containing  the  neutral  cochineal  solution.  At  first  the  tint  of  the  ^vater 
and  the  tint  in  which  the  porcelain  pLate  is  seen  are  widely  different ;  as,  however, 
the  carbonate  becomes  gradually  neutralized,  the  two  tints  approach  each  other 
more  and  more,  and  when  neutrality  is  reached  they  appear  identical ;  assuming 
that  the  strength  of  the  cochineal  solution  in  the  cell,  and  the  amount  of  this 
solution  added  to  the  water,  have  been  fairly  well  matched.  Working  in  this 
manner  it  is  not  difllcult  (taking  i  liter  of  water)  to  come  within  0*1  c.c.  of 
decinormal  acid  in  two  successive  experiments  and  the  difference  need  never 
exceed  0*2  c.c.  in  the  cell  employed  the  two  glass  plates  are  a  little  less  than 
half  an  inch  apart. 

A  somewhat  similar  plan  may  be  found  useful  in  other  titrations,  or,  in  &ct 
in  many  operations  depending  on  the  perceptions  of  colour  change. 
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PART  Y. 

APriJCATION    OF  THE   FOREliOINC;   PRINCIPLES   OF 
ANALYSIS   TO   SPECIAL   SUBSTANCES. 

ALUMINIUM. 

Al  =  27  1. 

§  45.  Aluminium  salts  (the  alums  and  aluminium  sulphates  used 
in  dyeing  an<l  i)aj)er-making)  may  be  titrated  for  alumina  in  the  alwence 
of  iron  (except  in  mere  traces)  by  mixing  the  acid  solutions  with 
a  tolerable  quantity  of  sodium  acetate,  then  a  known  volume  in  excess 
of  ^/lo  phosphate  solution  (20*9  gm.  of  ammonicvsodium  phosphate 
j>er  liter),  heating  to  boiling,  without  filtration  ;  the  excess  of  phosphate 
is  found  at  once  by  titration  with  standani  uranium.  If  iron  in  any 
(juantity  is  present,  it  may  be  estimated  in  a  separate  portion  of  the 
subsUmce,  and  its  amount  deducted  before  calculating  the  alumina. 
The  latter  is  precipitated  as  AlPO^,  and  any  iron  in  like  manner  as 
FePO^.  Eiich  c.c.  of  ^/jq  phosphate  =  0*00513  gm.  Al.O.,.  Only 
available  for  rough  purposes. 

Baeyer's  Method. — As  originally  [iroposed,  this  process  for 
estimating  alumina  in  alums  and  aluminic  sulphates  was  earned  out 
by  two  titrations,  a  measured  portion  of  the  solution  being  first  treated 
with  an  excels  of  normal  soda  in  suflicient  quantity  to  dissolve  the 
precipitate  of  hydrate  of  alumina  first  formed.  It  was  then  diluted 
to  definite  volume,  half  being  titrate<l  with  normal  acid  and  litmus, 
other  half  with  trojXBolin  OO,  the  ditterence  being  calculated  to 
alumina. 

A  considerable  imjirovement  however  has  been  made  l)y  using 
phenolphthalein  as  the  indicator,  one  titration  only  l)eing  necessary. 
The  method  is  based  on  the  fact  that,  if  to  a  solution  of  alumina, 
c<^ntaining  the  indicator,  normal  scnla  is  added  in  lixcess,  or  until  the 
the  red  colour  is  pro<luced,  normal  acid  be  then  added  until  the  colour 
disappears,  the  volume  of  acid  so  required  is  less  than  the  soda 
originally  arlded  in  i>roi)ortion  to  the  quantity  of  alumina  present. 

The  volume  of  acid  wliich  so  disappears  is  in  reality  the  quantity 
necessary  to  combine  with  the  alumina  set  free  by  the  alkali ;  and  if 
this  deficient  measure  of  acid  be  multiplied  by  the  factor  0*01716 
(J  mol.  wt.  of  AlgOjj),  the  weight  of  alumina  will  be  obtained.  This 
factor  is  given  on  the  assumption  that  the  normal  sulphate  AI23SO4, 
is  forme<l. 

The  titration  must  take  place  in  the  cold  and  in  dilute  solutions. 
A'ery  fair  techmcal  results  have  been  obtained  by  me  with  i)ot4ish  and 
ammonia  alums  and  the  commercial  sulphates  of  alumina. 

Alumina  existing  as  aluminate  of  alkali  in  caustic  soda,  for 
instance,  may  be  verv  well  estimated  by  taking  advantage  of  the  fact, 

L  2 
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that  such  ahimina  is  quite  inditferent  to  methyl  orange,  but  reacts  acid 
witli  phenol phthalein.  This  fact  has  been  recorded  by  Thomson  and 
others,  but  the  priority  of  discovery  appears  to  be  due  to  Baeyer 
(Z.  a,  C,  xxiv.  542),  who,  however,  used  litmus  in  the  place  of 
phenolphthalcin  and  tropoeolin  00  instead  of  methyl  orange. 

Cross  and  Bevan  {J,  S.  C,  L  viii.  252)  in  their  examination  of 
caustic  soda  for  alumina,  found  by  experiment,  that  the  mean  of  the 
difference  between  the  titration  with  methyl  orange  and  phenol]  )h- 
thalein  required  the  factor  0*0205  per  c.c.  of  normal  acid  for  the 
alumina,  i>ointing  to  the  salt  as  2AI.2O3  :  5803. 

The  estimation  of  the  aluihina  in  caustic  soda  has  given  rise  to 
much  discussion  between  even  very  experienced  oj^erators,  notably 
MM.  Cross  and  Bevan  and  Lunge,  but  the  former  chemists  have 
proved,  as  far  as  iwssible,  by  various  methods,  the  accuracy  of  their 
views  that  the  above-named  equation  is  correct.  The  method  adopted 
by  them  consists  in  boiling  the  weighed  sample  with  a  slight  excess  of 
standard  acid,  allowing  to  cool  and  titrating  Imck  witli  standard  soda 
and  phenolphthalein.  The  acid  so  consumed  represents  the  total 
alkali  present.  To  a  similar  portion  a  slight  excess  of  acid  is  ad<led 
and  titrated  back  with  soda  and  methyl  orange. 

Estimation  of  free  Acid. — Alum  cakes  or  aluminic  sulphates  c»f 
various  kinds  often  contain  free  H^SO^,  and  many  methods  have  been 
proposed  for  its  estimation.  Baeyer  titrates  a  10  per  cent,  solution 
of  the  substance  in  water  with  normal  soda,  and  tropoeolin  00  or 
methyl  orange. 

R.  Williams  (C.  N.  Ivi.  194)  adopts  the  alcohol  method  by 
digesting  the  substance  for  at  least  twelve  hours  with  strong  alcohol, 
filtering  off  and  washing  with  the  same  agent,  and  titrating  the  solution 
without  dilution  or  evaporation  with  ^/i©  acid  and  phenolphthalein. 

Beilstein  and  Grosset  {BuJL  de  I  Academie  Imp.  dee  Sciences  de 
St.  Petersburg,  xiii.  41)  have  examined  with  great  care  all  the  i)roposed 
methods  for  this  purpose,  and  have  devised  one  which  gives  very  good 
technical  results. 

Method  of  Pbocedube  :  1  to  2  gm.  of  substance  is  dissolved  in  5  c.c.  of 
water,  5  c.c.  of  a  cold  saturated  neutral  solution  of  ammonium  sulphate  added, 
and  stirred  for  a  quarter  of  an  hour.  50  c.c.  of  95  per-cent.  alcohol  are  then 
added,  the  mixture  thrown  on  a  small  filter,  and  washed  with  50  c.c.  of  the  same 
alcohol.  The  filtrate  is  evaporated  on  the  water  bath,  the  residue  dissolved  in 
water,  and  titrated  with  ^/lo  alkali  and  litmus.  The  whole  of  the  neutral 
aluminic  sulphate  is  precipitated  as  ammonia  alum,  the  alcohol  contains  all  the 
free  acid. 

A.  H.  White  (/.  Am.  C.  S.  24,  457)  has  proposed  another  method 
of  estimating  aluminium  sulphates  :  the  summary  is  as  follows  : — 

If  a  solution  of  an  alum  to  which  has  been  added  neutral  potassium  sodium 
tartrate  (Rochelle  salt)  is  titrated  with  barium  hydroxide,  the  barium  hydroxide 
used  will  correspond  to  the  sulphuric  acid  combined  with  the  alumina  plus  the 
free  acid.  The  sulphuric  acid  combined  with  sodium  or  potassium  is  not 
estimated.  If  a  duplicate  solution  of  alum  is  evaporated  to  dryness,  re-dissolved 
in  neutral  sodium  citrate,  and  titrated  with  barium  hydroxide,  a  smaller  quantity 
of  barium  h3*droxide  is  required,  and  the  difference  between  the  amounts  of 
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barium  hydroxide  iiised  in  the  two  titrations  is  equivalent  to  one-third  of  the 
ahnniua.  From  these  two  titrations  can  be  calcuUted  the  alumina  and  the 
sulphuric  acid  combined  with  it,  whether  the  alum  be  basic  or  acid,  and  if  the 
alum  is  acid,  the  excess  of  acid  over  that  necessary  to  form  the  normal  sulphate. 
Commercial  aluminium  sulphate  may,  in  its  solid  state,  carr^'  free  acid,  although 
in  the  solution  such  uncombined  acid  may  disappear,  combming  with  what  h^d 
been  l)asic  portions  of  the  solid  salt.  Such  free  acid  may  be  estimated  by  dis* 
solving  the  solid  salt  directly  in  citrate,  and  titrating  with  barium  hydroxide  at 
once.  This  method  gives  results  closely  concordant  with  Beilstein  and 
Grosset's  method,  but  it  does  not  show  that  the  alum  contains  more  acid  than 
is  sufficient  to  form  with  the  alumina  the  normal  salt. 


ANTiMomr. 

SI)  =  120. 

I.    Conversion  of  Antimonions  Aoid  in  Alkaline  Solution 
into  Antimonio  Acid  by  Iodine  (Mohr). 

§  46.  Antimoxious  oxido,  or  any  of  its  compouiulH,  is  brought 
into  solution  as  tartmte  by  tartaric  acid  and  water :  the  excess  of  acid 
ncutralize<l  by  so<Uum  carbonate  ;  then  a  cold  saturated  solution  of 
scMliuni  bicarbonate  added,  in  the  proi)ortion  of  10  c.c.  to  about 
O'l  gni.  Sb^Oy;  to  the  clear  solution  starch  is  added  and  ^/jq  iodine 
until  the  blue  colour  occurs.  No  delay  nuist  occur  in  the  titration 
when  the  bicarbonate  is  added,  otherwise  a  portion  of  the  metal  is 
procipitate<l  as  antimonious  hydrate,  upon  which  the  iodine  has  little 
effect.* 

For  the  estimation  of  antimonic  acid  and  its  salts,  CJ.  von  Knorr** 
{^Z**it,  Angeir,  Choin.,  1888,  155)  gives  the  foUoM'ing  method  as 
accurate* : — 

Metood  of  Pbockdube:  The  solution  of  the  salt,  strongly  acidified  with 
hydrochloric  acid,  is  treated  in  a  roomy  flask  with  strong  solution  of  sodium 
sulphide,  added  gradually  in  small  portions.  It  is  then  vigorously  boiled  until 
all  SOj  is  expelled,  a  drop  of  i)heuoIphthalein  is  added,  then  caustic  |K)tash  until 
red  ;  this  is  in  turn  removed  by  a  small  excess  of  tartaric  acid.  Sodium  bicar- 
bonate is  then  added,  and  the  titration  with  iodine  carried  out  in  the  usual  wav. 

The  colour  disappears  aftc*r  a  little  time,  therefore  the  first 
appearance  of  a  permanent  blue  is  accepted  as  the  true  measure  of 
iodine  rcHpiired. 

1  c.c.  ^/lo  i(Mline  =  0-0060  gm.  Sb. 

In  the  case  of  commercial  oxides  of  antimony  1  gm.  of  materLil  is  dissolved 
in  10  c.c.  of  strong  IICl  and  gaseous  HjS  passed  through  it  to  remove  As.  The 
solution  is  put  into  a  250  c.c.  flask,  the  beaker  being  rinsed  with  strong  HCl  and 
an  equal  imrt  of  water.  All  HjS  is  removed  by  a  current  of  air.  5  gm.  of 
tartaric  acid  are  then  added,  the  liquid  diluted  to  the  mark  with  water,  and 
a  portion  filtered  through  a  dry  filter.  25  c.c.  are  taken  and  neutralized  with 
sodium  bicarbonate,  a  pinch  of  the  latter  together  with  starch  is  then  added,  and 
the  mixture  titrated  with  ^/lo  iodine. 

In  the  case  of  sulphides  lo  gm.  is  dissolved  in  hot,  strong  HCl,  and  when 
perfectly  cold  treated  with  HaS,  and  the  titration  carried  out  as  before. 

•  D  u  n  8 1  a  n  and  Boole  {Pha  rm .  Jou  r. ,  Nov. ,  1888)  have  proved  that  the  accurate  estimation 
of  the  niitiinony  iu  tartar  emetic  may  be  secured  hy  this  method,  using  the  precautioii» 
above  mcutioued. 
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Estimation  of  Antimony  in  presence  of  Tin  (Type  and 
Britannia  metal,  etc.). — ^The  finely  divided  alloy  is  dissolved  in 
strong  hydrochloric  acid  by  heat,  adding  frequently  small  quantities 
of  potassium  chlorate.  The  liquid  is  boiled  to  remove  free  chlorine, 
cooled,  a  slight  excess  of  strong  solution  of  potassium  iodide  added, 
and  the  liberated  iodine  estimated  by  standard  thiosulphate. 

120  Sb  liberate  253  I,  and  the  weight  of  I  found  multiplied  by 
0-475  =  Sb. 

Clark  (/.  S.  C.  I,  xv.  255)  has  made  experiments  as  to  the 
value  of  this  process  in  antimony  ores  and  alloys,  and  makes  the 
following  remarks  with  respect  to  them. 

Mohr*s  process  leaves  nothing  to  be  desired  in  point  of  sharpness  and 
accuracy;  and  the  chief  object  of  my  experiments  has  been  to  ascertain  the  best 
condition  for  the  application  of  this  method  to  the  estimation  of  antimony  in 
ores  and  metals.  I  have  proved  by  experiments  that  the  presence  of  lead,  even 
in  large  quantity,  has  no  influence  on  the  result,  but  the  process  is  affected  by 
iron,  and  by  copper,  arsenic,  and  tin  in  the  lower  state  of  oxidation.  The 
follomng  is  a  short  summary  of  my  results : — 

I.  In  the  case  of  pure  antimony  ores  practically  free  from  arsenic  and  iron, 
the  ore  may  be  dissolved  in  HCl,  heated  till  all  the  H2S  has  been  driven  off,  then 
mixed  with  tartaric  acid  or  Rochelle  salt,  rendered  alkaline  with  bicarbonate  of 
soda,  and  titrated  with  ''/lo  iodine  solution,  as  recommended  by  Mohr.  1  ^n\. 
antimony  ore  containing  traces  of  Fe  gave  antin;ony  46*77  per  cent.  Another 
1  gm.  antimony  ore  containing  traces  of  Fe  gave  antimony  46*80  per  cent. 

II.  When  the  ore  contains  more  than  traces  of  iron,  it  is  dissolved  in  HCl, 
precipitated  with  II2S,  filtered,  washed,  re-dissolved  in  HCl,  and  the  antimony 
titrated  in  an  alkaline  tartrate  solution  as  before. 

III.  When  the  ore  contains  arsenic,  which  is  by  no  means  a  rare  occurrence, 
it  is  dissolved  in  strong  HCl  containing  sufficient  ferric  chloride  to  decompose  the 
sulphides,  and  the  arsenic  is  distilled  off;  the  antimony  is  then  precipitated  with 
U2S,  filtered,  washed,  re-dissolved  in  HCl,  and  titrated  with  ^/lo  iodine  in  an 
alkaline  tartrate  solution.  The  arsenic  in  the  distillate  can  also  be  titrated  ^rith 
iodine  in  presence  of  excess  of  bicarbonate  of  soda. 

IV.  When  an  alloy  or  sulphide  contains  tin  as  well  as  arsenic  and  antimony, 
it  may  be  dissolved  in  HCl  and  Fe^Cls,  the  arsenic  distilled  off  as  before,  and  the 
antimony  precipitated  with  metallic  iron  (which  should  be  as  piu-e  as  possible, 
steel  filings  answer  well).  The  precipitated  antimony,  after  being  filtered  and 
washed,  is  then  dissolved  in  UCl  with  the  assistance  of  a  little  chlorate  of  potash, 
filtered  from  any  insoluble  impurity  derived  from  the  iron  precipitated  with  H.^S, 
filtered,  washed,  dissolved  in  HCl,  boiled  to  expel  HgS,  and  titrated  with  ^/lo 
iodine  in  an  alkaline  tartrate  solution. 

The  antimony  ore  referred  to  above  when  treated  in  this  way,  gave  the 
following  results : — 

1  gm.  gave  antimony  46*62  per  cent.  Another  1  gm.  gave  antimony  46*68 
per  cent. 

Clark  has  also  discovered  a  modified  iodometric  process  which 
may  render  it  of  use  Avhere  the  original  would  not. 

When  antimony  is  dissolved  in  HCl  with  the  assistance  of  chlorate  of 
}X)tash,  nitric  acid,  or  bromine,  the  oxidizing  agent  converts  the  antimony  into 
the  highest  state  of  oxidation,  on  which  account  it  is  necessary  to  reduce  it  ajt^ain 
to  render  it  suitable  for  the  application  of  M  o  h  r '  s  process.  It  has  been  discovered, 
however,  that  when  antimony  is  dissolved  in  HCl  with  the  assistance  of  iodine, 
no  reducing  agent  is  required,  as  iodine  in  an  acid  solution  does  not  oxidize 
antimony  beyond  SbjOs,  so  that  after  boiling  off  the  excess  of  iodine,  Mohr's 
I»rocess  can  be  at  once  applied  to  the  solution. 
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This  action  of  iodine  is  of  very  ^reat  importance,  as  it  simplifies  very  much 
the  estimation  of  antimony'  in  alloys  containing  lead  and  tin,  as  the  tin  is  oxidized 
by  the  iodine  to  the  stannic  state,  and  the  lead  ha**  no  influence  on  the  result.  In 
applying  the  process,  a  weighed  quantity  of  the  alloy  is  treated  with  HCl  so  long 
as  there  is  any  action,  then  solid  iodine  is  added  in  small  quantities  at  a  time,  and 
heat  applied  till  everything  dissolves.  The  excess  of  iodine  is  removed  by  boiling, 
and  tlie  solution  cooled,  diluted,  and  mixed  with  a  little  starch.  Should  the 
addition  of  starch  produce  a  blue  colour  in  the  acid  solution  owing  to  the  presence 
of  a  trace  of  free  iodine,  a  very  weak  solution  of  sulphite  of  sodium  is  added 
drop  by  drop  till  the  blue  colour  disappears.  It  is  then  mixed  with  Eochelle  salt, 
rendered  alkaline  with  sodium  carbonate  and  titrated  with  ^/lo  iodine  in  the 
presence  of  a  considerable  excess  of  sodium  bicarbonate. 

In  this  way  good  results  were  obtained  witli  white  metal  and  alloys 
containing  large  proportions  of  lead ;  but  if  copper  is  present  the 
result  is  too  low,  and  the  copper  should  be  removed  by  converting  the 
metals  into  sulphides,  and  dissolving  out  the  antimony  by  caustic  so<la 
or  potash. 

2.    Oxidation  by  Potassium  Bichromate  or 
Permanganate  (Kessler). 

Bichromate  or  permanganate  adde<l  to  a  solution  of  antimonious 
chloride,  containing  not  le^sthan  \  of  its  volume  of  hydrocldoric  acid 
(sp.  gr.  1*12),  converts  it  into  antimonic  cldoride. 

The  reaction  is  uniform  only  when  the  minimum  <|uantity  of  acid 
indicated  above  is  present,  Init  it  ought  not  to  exceed  J  the  volume, 
and  the  precautions  before  given  as  to  the  action  of  hydrochloric  acid 
on  permanganate  nuist  be  taken  into  account,  hence  it  is  preferable  to 
us«.^  bichromate, 

Kessler  {PoggewL  Annal.  cxviii.  17)  has  carefully  experimented 
upon  this  method  and  adopts  the  following  processes. 

A  standard  solution  of  arsenious  acid  is  jm'jvared  containing  5  gm. 
of  the  pure  acid,  dissolved  by  the  aid  of  sodiimi  hydrate,  neutralize<l 
with  hydrochloric  acid,  100  c.c.  concentrated  hydrochloric  acid  added, 
then  diluted  with  water  to  1  liter ;  each  c.c.  of  this  solution  ccjnttiins 
0*005  gm.  As^Oy,  and  represents  exactly  0*007253  gm.  81)203. 

Solutions  of  ])otassium  bichromate  and  ferrous  siUphate  of  known 
strength  in  relation  to  each  other,  are  prepared  in  the  usual  way ;  and 
a  freshly  preimnnl  solution  of  potassium  ferricyanide  used  as  indicator. 

The  relation  between  the  bichromate  and  arsenious  solution  is 
found  by  measuring  10  c.c.  of  the  latter  into  a  beaker,  20  c.c. 
hydrochloric  acid  of  sp.  gi*.  1*12,  and  from  80  to  100  c.c.  of  water  (to 
insure  uniformity  of  action  the  volume  of  IICl  must  never  be  less 
than  \  or  more  than  \) ;  the  bichromate  solution  is  then  added  in 
excess,  the  mixture  allowed  to  react  for  a  few  minutes,  and  the  ferrous 
solution  addinl  until  the  indicator  shows  the  blue  colour.  To  find  the 
exact  point  more  closely,  ^  or  1  c.c.  bichromate  solution  may  be  added 
and  again  iron,  until  the  precise  ending  is  obtained. 

Method  of  PROCEDrBK :  The  material,  free  from  organic  matter,  organic 
acids,  or  heavy  metals,  is  dissolved  in  the  pro|)er  proportion  of  HCl,  and  titrated 
precisely  as  just  described  for  the  arsenious  solution;  the  strength  of  the 
bichromate  solution  having  been  found  in  relation  to  AsjOj  the  calcuktion  as 
respects  Sb^Os  presents  no  difficulty.     Where  direct  titration  is  not  possible  the 
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same  coarse  may  be  adopted  as  with  arsenic ;  namel}',  precipitation  with  HjS  and 
dijycestion  with  mercuric  chloride. 

In  the  case  of  using  permanganate  it  is  equally  necessary  to  have 
the  same  proportion  of  HCl  present  in  the  mixture,  and  the  standanl 
solution  must  be  added  till  the  rose  colour  is  permanent.  The 
permanganate  may  be  safely  use<l  with  ]  the  volume  of  HCl,  ^vith  the? 
addition  of  some  magnesic  sulphate,  and  as  the  double  tartrate  of 
antimony  and  i>otassiuni  can  readily  be  obtained  pure,  and  the  organic- 
acid  exercises  no  disturbing  effect  in  the  titration,  it  is  a  convenient 
material  upon  which  to  standardize  the  solution. 

3.  Distillation  of  Antimonious  or  Antimonic  Sulphide 
with  Hydrochloric  Acid,  and  Titration  of  the  evolved 
Sulphuretted  Hydrogen  (Schneider). 

AVhen  either  of  the  sulphides  of  antimony  is  ht^ated  with  hydro- 
chloric acid  in  Buns  en's,  Fresenius',  or  Mohr's  distilling  apparatus 
(§  39),  for  every  eq.  of  antimony  i)resent  as  sulphide,  3  eq.  of  Hg^  ^i'*' 
liberated.  If,  therefore,  tlie  latter  be  estimated,  the  (piantity  of 
antimonv  is  ascertained. 

Method  of  Puocedure  :  The  antimony  to  be  determined  is  brought  int^> 
the  fonn  of  ter-  or  penta-sulphide  (if  precipitated  from  a  hydrochloric  solution, 
tartaric  acid  must  be  previously  added  to  prevent  the  precipitate  being  con- 
taminated with  chloride),  which,  together  with  the  filter  containing  it,  is  put  into 
the  distilling  flask  with  a  tolera])le  quantity  of  h3^drochloric  acid  not  too 
concentrated.  The  absorption  tube  contains  a  mixture  of  caustic  soda  or  potash, 
with  a  definite  quantit3'  of  ^/lo  arsenious  acid  solution  in  sufficient  excess  ta 
retain  all  the  sulphuretted  hydrogen  evolved.  The  flask  is  then  heated  to 
])oiling,  and  the  operation  continued  till  all  evolution  of  sulphuretted  hydrogen 
has  ceased  ;  the  mixture  is  then  poured  into  a  beaker,  and  acidified  with 
hydrochloric  acid,  to  precipitate  all  the  arsenious  sulphide.  The  whole  is  then 
diluted  to,  say  300  c.c,  and  100  c.c.  taken  with  a  pipette,  neutralized  with 
sodium  carbonate,  some  bicarbonate  added,  and  titrated  for  excess  of  arsenious 
acid  with  ^/lo  iodine  and  starch.  The  separation  of  antimony  may  generally  be 
insured  by  precipitation  as  sulphide.  If  arsenic  is  precipitated'  at  the  same- 
time,  it  may  be  removed  by  treatment  with  ammonium  carbonate. 

ARSENIC. 

As =75.     As/).j  =  1 98.     As./  )5= 230. 
1.    Oxidation  by  Iodine  (Mohr). 

§  47.  The  principle  upcm  wliich  the  determination  of  arsenious 
acid  by  iodine  is  based  is  explained  in  g  40. 

Experienc(»  luis  sliown,  that  in  the  estimation  of  arsenious 
compounds  by  the  method  there  described,  it  is  necessary  to  use 
sodium  bicarl)onate  for  rendering  the  solution  alkaline*  as  in  the  case 
of  antimonv. 

Method  of  Pbocedube  :  To  a  neutral  aqueous  solution,  add  about  20  c.c.  of 
saturated  solution  of  sodium  bicarbonate  to  ever>'  01  j?m.  or  so  of  As^Os,  and 
then  titrate  with  ^/lo  iodine  and  starch.  When  the  solution  is  acid,  the  excess 
may  be  removed  by  neutral  sodium  carbonate,  then  the  necessary  quantity-  of 
bicarbonate  added,  and  the  titration  completed  as  before. 
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Procedure  for  Arsenic  Acid  :  This  is  best  done  by  dissolvings:  the  acid  in 
water  and  boiling  with  potassium  iodide  in  the  presence  of  hydrochloric  acid  ia 
large  excess  until  all  iodine  vapours  are  dissipated.  The  ASHO4  is  completely 
reduced  to  A8HO3.  The  liquid  is  then  cooled,  sodium  carbonate  added  to 
neutrality,  then  some  bicarbonate,  and  the  arsenious  acid  titrated  with  iodine  in 
the  usual  way.  Younger  (J.  S.  C.  I.  ix.  158)  has  verified  this  method  and 
proved  that  the  reduction  is  complete;  he  also  states  that  when  the  boiled 
solution  cools,  the  liberation  of  a  slight  amount  of  iodine  occurs,  which  may  be 
prevented  by  using  a  few  c.c.  of  glycerine.  Of  course  the  arsenic  acid  must 
c(mtain  no  nitric  acid,  nitrates,  or  similar  interfering  bodies. 

1  c.c.  ^/lo  iodine  =0*00495  gni.  A8/)3,  or  0*00575  j^iu.  AsgO^. 

The  Estimation  of  Arsenic  in  Alkaline  Arsenates.— It  was 

orij^iiuilly  suggested  hy  !Mohr  to  accomplish  this  h\  ])a8sii)g 
sulidiurous  arid  gas  through  the  solution  so  as  to  reduce  the  ar8eni<* 
into  arsenitnis  acid,  and  then  after  boiling  oft'  the  SOo  to  estimate  the 
arsenious  acid  hy  iodine  as  just  de^cri])ed,  Imt  the  jirocess  was  not 
much  adopted  as  it  was  found  defectiv<*  in  many  instances,  In^causc^ 
the  nu*re  jmssing  of  the  gas  through  the  liquid  did  not  insure  thc» 
complete  reduction  of  the  acid. 

Holthof  (Z.  a.  a  xxii.  378)  and  McKay  (C.  N.  liii.  221-243> 
have  experimented  largely  on  this  method  of  estimating  arsenic,  and 
Holthof  proved  that  various  forms  of  arsenic,  on  heing  converted 
into  arsenic  acid,  wouhl  hear  evapomtion  to  dryness  with  IICl 
without  loss,  and  that  arsenic  sulphide  couhl  be  oxidized  by  strong 
nitric  acid,  or  with  TlCl  and  KCK).^,  to  arsenic  acid,  and  reduced  to 
the  lower  state  of  oxi<lation  by  copious  treatment  with  HO^,  the 
metliod  being  to  ad«l  300  or  400  c.c.  of  strong  solution  (»f  SO.^,  digest 
on  tlie  water  bath  for  two  hours,  then  boil  down  to  one-half,  ami 
when  cool  add  so<lium  bicarbonate,  and  titrate  with  icnline. 

McKay  shortens  the  methml  considerably  by  i)lacing  the  mixture 
in  a  well-stoppered  bottle,  tying  down  the  stopi)er,  and  digesting  in 
boiling  water  for  one  hour.  At  the  end  of  that  time  the  bottle  is 
removed  an<l  allowed  to  co(d  somewhat,  tlien  emptied  into  a  boiling 
ilusk,  diluted  with  about  double  its  volume  of  water,  and  boiled  down 
by  help  of  a  platinum  sjjiral  to  one-half.  The  li(pud  is  coole<1, 
diluted,  and  either  the  whole  or  an  alifpiot  portion  titmt<»d  with 
iodine  in  the  usual  way. 

For  quantities  of  material  representing  about  0*1  gm.  As,  30  c.c.  of 
saturated  solution  of  SO.,  will  sufhce,  an<l  the  reduction  may  therefore 
b(*  made  in  a  bottle  holding  50  or  60  c.c.  (Hg.  41).  The  results  are 
satisfactory.  In  the  casc^  of  titrating  commertrial  alkaline  arsenates^ 
which  often  contiiin  small  (piantities  of  aivenious  acid,  this  nuist  be 
estimated  first,  and  the  amoinit  dedm.'ted  from  the  total  obtained 
after  reduction. 

A.  Williamson  {Journal  of  th*  StH-ii'tij  o/*  Dyors  and  C(thunt>t^^ 
]\Iay,  1H96)  has  devised  the  following  ready  metho<l  as  l>eing 
ai>plicable  to  connuercial  arsenates,  and  has  made  use  (»f  the  r(»actioii 
wbich  takes  place  betwecMi  arsenic  and  hydriodic  acids  in  strong  acid 
solution.  Under  these  ciimnnstance.s  arsenic  acid  is  quantittitively 
reduced  with  liberation  of  iodine.     The  reaction  is 

As.,( ).  H-  4III  =  As.,( ),  -f  2H.,( )  +  41. 
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It  was  found  that  the  reduction  is  only  complete  in  strongly  acid 
solution,  and  if  such  a  solution  be  diluted  the  reverse  reaction  takes 
place  to  a  certain  extent,  a  portion  of  the  arsenious  becoming  oxidized 
to  arsenic  acid.  The  iodine  may,  however,  be  estimated  before 
dilution,  by  means  of  thiosulphate,  and  in  the  absence  of  other  bodies 
capable  of  liberating  iodine  it  may  be  taken  as  a  measure  of  tlie 
arsenic  acid.  Tlie  acid  solution  may  then  be  neutralized,  and  the 
arsenite  titi-ated  witli  iodine.  This  serves  as  a  check  on  the  thio- 
sulphate titration. 

The  reduction  may  be  eft'ected  either  in  hydrochloric  or  sulphuric 
acid  solution,  but  in  either  case  a  considerable  excess  of  acid  must  be 
present,  otherwise  the  reduction  is  incomplete. 

As  commercial  sodium  arsenate  usually  contains  some  nitrate, 
experiments  were  made  to  ascertain  whetlier  the  presence  of  this  salt 
interferes  with  the  accuracy  of  the  thiosulphate  titration.  A  pure 
solution  of  arsenate  was  prepared  as  before,  and  1  gm.  of  sodium 
nitrate  added.  25  c.c.  of  this  solution  were  then  treated  witli 
potassium  iodide  and  hydrocliloric  acid,  and  the  iodine  titrated  with 
thiosulphate,  as  before.  Tlie  arsenic  acid  calculated  from  the 
thiosulphate  consumed  was  100*3,  instead  of  100.  It  is  evident 
that  the  presence  of  nitrate  causes  little  or  no  liberation  of  iodint^  in 
the  cold,  but  if  the  arsenate  is  digested  with  hydrocldoric  acid  and 
potassium  iodide  in  a  closed  bottle  immersed  in  boiling  water,  the 
iodine  liberated  is  considerably  in  excess  of  tliat  corresponding  to  the 
arsenic  acid.  In  this  case,  the  (piautity  of  thiosulphate  consumed 
is  of  no  value.  The  ai^senic  can,  however,  be  accurately  estimated  by 
titrating  the  arsenite  after  the  iodine  has  been  decolorized. 

Instead  of  hydiochloric  acid,  15  c.c.  of  a  mixture  of  sulphuric  acid 
and  water,  in  er^ual  volumes,  may  be  used.  Since  the  addition  of 
sulphuric  acid  causes  the  solution  to  become  slightly  heated,  it  is 
cooled  before  titrating  the  iodine.  The  results  are  practically  the 
same  as  with  hydrocliloric  acid. 

Xot  less  than  3  gm.  potassium  iodide  should  be  added,  or  complete 
reduction  is  not  immediately  efiected.  The  i)resence  of  small  quantities 
of  nitrate  does  not  interfere  with  the  accuracy  of  the  thiosulphate 
titration.  Complete  reduction  can  be  brought  about  with  2  gm. 
])otassium  iodide  and  10  c.c.  of  sulphuric  acid,  if  the  solution  is 
heated  for  five  minutes  on  the  steam  Imth.  A  portion  of  the  icjdine 
volatilizes,  but  no  arsenic  is  lost.  The  iodine  is  exactlv  (hicolorized 
with  thiosulphate,  the  solution  neutralized  and  titrated  with  iodine  in 
the  oi-dinary  manner. 

Procedure  with  Commercial  Arsenate  of  Soda  :  10  gm.  are  dissolved 
to  1  liter,  and  the  arsenic  acid  in  25  c.c.  estimated  by  one  of  the  methods  given 
above.  The  thiosulpliate  titration  only  records  the  arsenic  previously  existing  as 
arsenic  acid.  The  small  proportion  of  As^Oa  which  usually  exists  is  ascertained 
by  direct  titration.  When  this  is  calculated  to  arsenic  acid,  and  added  to  that 
found  by  thiosulphate,  the  results  approximate  very  closely  to  those  found  by 
titrating  the  arsenite. 

Estimation  of  Arsenic  in  presence  of  Tin.— If  both  these 
elements  are  jjresent  in  the  lower  state  of  oxidation,  the  tin  may  he 
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oxi<liz(xl  with  iodine  in  strong  acid  solution,  the  arsenic  hein;:? 
unaffected.  Rochelle  salt  is  then  added,  the  solution  noutmlizfil^ 
and  tlie  arsenite  titrated  ^nth  iodine. 

Example  :  25  c.c.  of  "/i©  w)Jium  arsenite  were  mixed  with  25  c.c.  of  hydro- 
chloric acid,  and  3  gm.  stannous  chloride  added.  The  tin  was  then  exactly 
oxidized  with  standard  iodine,  and  the  arsenic  titrated  in  the  alkaline  solution*. 
24*0  c.c.  of  */io  iodine  were  n»quired. 

If  they  are  prestMit  in  the  highest  state  of  oxitlatiou,  tlie  arsenic 
may  he  nMluced  hy  one  of  the  mctliods  given  und<T  the  estimation  of 
arsenic  acid.     The  stannic  salt  is  not  affectetl. 

It  is  thus  iK)ssi])lo  to  estimate  tlie  arsenic  in  a  mixture  of  arsenate 
and  stannate  of  80<la.  In  presence  of  a  considerable  quantity  of  tin, 
howeviT,  the  complete  reduction  of  the  arsenic  acid  is  not  effected 
(piite  as  reailily  as  wlu'U  tin  is  absent.  The  follownig  method  has 
given  gocwl  results  : — 

4  or  5  gm.  of  the  mixture  arc  dUsolved  in  as  small  a  quantity  of  HCl  as 
possible,  an  equal  wei^'ht  of  tartaric  acid  is  dissolved  in  the  soIiUion,  which  is 
then  dilute<l  to  250  c.c.  (If  the  tartaric  acid  is  not  added  a  precipitate  fonus  on 
dilution  which  contains  lK)th  tin  and  arsenic.)  25  c.c.  of  this  »<olution  are  tlien 
mixed  with  3  gm.  potassium  iodide  and  25  c.<'.  UCl,  sp.  ^^r.  1*16,  and  the 
solution  heated  on  the  steam  bath  for  two  or  three  minutes  to  ensure  the 
complete  reduction  of  the  ars«.»ni(^  acid.  I'he  liberated  iodino  is  exactly 
decoloriztni  with  thiosulpliate,  and  the  ars«^nic  estimated  by  titnition  with  iodinV 
in  the  neutralized  solution.  A  mixture  of  arsenic  and  staniuite  in  equal 
quantities  and  containing?  a  known  percentage  of  arsenic  gjive  2H'57  instead  of 
28*75  p<;r  cent,  of  ars<?nic  acid. 

2.    Oxidation  by  Potassium  Bichromate  (Kessler). 

This  method  is  exactly  the  same  as  is  fully  des<TilKKl  in  §  46  for  antimony. 

The  arsenious  comj)ouud  is  mixed  with  */io  bichromate  in  excess  in  presence 
of  hydrochloric  acid  and  water,  in  such  proportion  tluit  at  least  \  of  the  total 
yolume  consi'^ts  of  hydrochloric  atrid  (sp.  gr.  112). 

The  excess  of  bichromate  is  found  by  a  standard  solution  of  pure  iron,  or  of 
double  iron  salt,  with  potassium  ferricyanide  as  indicator ;  the  quantity  of 
biclmmiate  reduced  is,  of  course,  the  measure  of  the  (juautit}'  of  arseniou«* 
converted  into  arsenic  acid. 

1  c.c.  ''/lo  bichromate  =  0*00495  gm.  Asj^( ).,. 

In  cases  where  the  direct  titration  of  the  hydrochloric  acid  solution  cannot 
be  accomplished,  the  arsenious  acid  is  precipitated  with  lIjS  (with  arsenates  at 
70°  C),  the  precipitate  well  washed,  the  filter  and  the  precipitate  phiced  in 
a  stoppered  flask,  together  with  a  saturated  solution  of  mercuric  chloride  in 
hydrochloric  acid  of  1*12  sp.  gr.,  and  digested  at  a  gentle  heat  until  the 
precipitate  is  white,  then  water  added  in  such  proportion  that  not  leas  than  ^  of 
the  yolume  of  liquid  consists  of  conoentrated  HGI;  ^/lo  bichromate  is  then 
added,  and  the  titration  with  standard  ferroas  solution  completed  as  usual. 

3.    Indirect  Estimation  by  Distilling  with  Chromic  and 

Hydrochloric  Acids  (Buns en). 

The  principle  of  this  very  exact  method  deixuids  upon  the  fact, 
that  when  jwtassium  bichromate  is  boiled  with  concentrate<l  hydro- 
chloric acid,  chlorine  is  libemted  in  the  proportion  of  3  e^^.  to  1  cmj. 
of  chromic  acid. 
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If,  however,  arsenious  acitl  is  present,  but  not  in  excess,  th<» 
chlorine  evolved  is  not  in  the  proportion  mentioned  above,  but  so 
much  less  as  is  necessary  to  convert  the  ai-senious  into  arsenic  acid. 

As/)3  +  4C1  +  2iroO  =A820-  +  4HC1. 

Therefore  every  4  eq.  of  chlorine,  short  of  the  (quantity  yielded 
when  bichromate  and  hydrocldoric  acid  are  distilled  alone  reprei?ent 
1  eq.  arsenious  acid.  The  operation  is  conducted  in  one  of  the 
ai)paratus  descrilwd  in  §  39. 

4.    By  Precipitation  as  XTranium  Arsenate  (Bodeker). 

Mkthod  of  Pbocedure  :  The  arsenic  must  exist  in  the  state  of  arsenic 
acid  (AS3O5),  and  the  process  is  in  all  respects  the  same  as  for  the  estimation  of 
phosphoric  acid,  devised  by  Neubauer,  Pincus  and  myself  (§  73).  The 
strength  of  the  uranium  solution  may  be  ascertained  and  fixed  by  pure  sodium  or 
X)otas8ium  arsenate,  or  by  means  of  a  weighed  quantity  of  pure  arsenious  acid 
converted  into  arsenic  acid  by  evaporation  with  strong  nitric  acid,  and  neutralizing 
with  alkali,  then  dissolved  in  acetic  acid.  The  method  of  titration  is  precisely 
the  same  as  with  phosphoric  acid ;  the  solution  of  uranium  should  be  titrated 
upon  a  weighed  amount  of  arsenical  compound,  bearing  in  mind  here,  as  in  the 
case  of  PgOs*  that  the  titration  must  take  place  under  precisely  similar  conditions 
as  to  quantity  of  liquid,  the  amount  of  sodium  acetate  and  acetic  acid  added, 
and  the  depth  of  col4>ur  obtained  by  contact  of  the  fluid  under  titration  with  the 
ferrocyanide  solution. 

Boam  (0.  lY.  Ixi.  219),  who  has  had  large  experience  in  the 
examination  of  arsenical  ores,  recommends  this  method  as  being  rapid 
and  accurate,  and  carries  it  out  as  follows  : — 

Method  of  Procedure  :  1  to  1*5  gm.  of  dried  and  jwwdered  ore  is  boiled  to 
drjTiess  with  20-25  c.c.  of  strong  nitric  acid  ;  when  cool  about  30  c.c.  of  30  °; 
caustic  soda  solution  is  added  and  boiled  for  a  few  minutes ;  then  diluted,  filtered 
and  made  up  to  2cO  c.c.  25  c.c.  of  the  liquid  are  acidified  with  a  Folution 
containing  10  per  cent,  of  sodium  acetate  in  50  per  cent,  acetic  acid,  and  heated 
to  near  boiling,  tlien  titrated  with  the  standard  uranium  as  usual.  For  this  latter, 
the  same  authority  reconmiends  what  he  terms  a  fourth  normal  solution  of 
uranium,  containing  171  gm.  uranium  acetate,  and  15  c.c.  glacial  acetic  acid  made 
up  to  2  liters  with  water,  1  c.c.  being  equal  to  1*25  m.gm.  As.  But  if  the 
method  has  to  be  considered  accurate,  this  suggestion  can  scarcely  be  adopted, 
since  the  uranium  acetate  of  commerce  is  of  indefinite  hydration ;  and  moreover, 
to  insure  exactitude,  it  is  necessarj'  that  the  titration  should  be  carried  out  with 
the  same  proportions  of  Faline  matters,  acetic  acid,  etc.,  as  existed  in  originally 
standardizing  the  uranium.  I  therefore  unhesitatingly  recommend  that  the 
uranium  should  be  standardized  with  a  known  weight  of  pure  arsenic  or  arsenate 
in  the  pres  nee  of  the  same  proportions  of  sodium  hydrate  and  acetate,  acetic 
acid,  etc.,  as  will  actually  be  used  in  the  analysis  of  an  ore.  The  method  m&y 
l)e  used  for  all  ores  which  can  Ikj  attacked  by  nitric  acid.  It  is  also  available  foV 
iron  p3rrites  containing  tolerable  quantities  of  arsenic ;  the  ferric  arsenate  being 
readily  decomposed  by  excess  of  NallO,  thus  allowing  the  ferric  hydrate  to  be 
filtered  off  free  from  As. 

The  solution  of  arsenic  acid  must  of  course  be  free  fi-om  metals 
liable  to  give  a  colour  with  the  indicator  and  from  phosphates. 
Alkalies,  alkaline  earths,  and  zinc  are  of  no  consequence,  but  it  is 
advisable  to  add  nearly  the  recpiired  volume  of  uranium  to  the  li([uid 
befoi-e  heating.  The  arsenic  acid  must  be  separated  from  all  bases 
which  would  yield  C()mi)ounds  insoluble  in  weak  acetic  acid. 
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The  AsH^  evolved  from  Marsh's  apparatus  may  he  passed  into 
fuming  HNO^,  evaporated  to  dryness,  the  arsenic  acid  (lissolved  in 
water  (antimony  if  prcsent  is  insohihle),  tlien  titrated  cautiously 
with  uranium  in  presence  of  free  acetic  acid  and  s<xlium  acetate  as 
above  <lescril)ed. 

5.    By  Standard  Silver  as  Arsenate, 

This  method  has  l)een  devised  by  Pierce  of  the  Colorado  Smelting 
Company  as  follows  : — 

Method  of  Procedube:  The  finely-powdered  substance  for  analysis  is 
mixed  in  a  large  porcelain  crucible  with  from  six  to  ten  times  its  weight  of 
a  mixture  of  equal  |)arts  of  sodium  carbonite  and  potassium  nitrate.  The  mass 
is  then  heated  with  a  gradually  increasing  temperature  to  fusion  for  a  few  minute:^, 
allowed  to  cool,  and  the  soluble  portion  extracted  by  warming  with  water  in  the 
crucible,  and  filtering  from  the  insoluble  residue.  The  arsenic  is  in  the  filtrate 
as  alkaline  arsenate.  The  solution  is  acidified  with  nitric  acid  and  boiled  to  exi>el 
CO3  and  nitrous  fumes.  It  is  then  cooled  to  the  ordinary  temperature,  and 
almost  exactly  neutralized  as  follows : — Place  a  small  piece  of  litmus  paj^er  in  the 
liquid :  it  should  show  an  acid  reaction.  Now  gradually  add  strong  ammonia  till 
the  litmus  turns  blue,  avoiding  a  great  excess.*  Again  make  slightly  acid  with 
a  drop  or  two  of  strong  nitric  acid ;  and  then,  by  means  of  very  dilute  ammonia 
and  nitric  acid,  added  drop  by  drop,  bring  the  solution  to  such  a  condition  that 
the  litmus  paper,  after  having  previously  been  reddened,  will,  in  the  course  of 
half  a  minute,  begin  to  show  signs  of  alkalinity.  The  litnms  paper  may  now  be 
removed  and  washed,  and  the  solution,  if  tolerably  clear,  is  ready  for  the  addition 
of  silver  nitrate.  If  the  neutralization  has  caused  much  of  a  precipitate 
(alumina,  etc.),  it  is  best  to  filter  it  off  at  once,  to  render  the  sulwequent  filtration 
and  washing  of  the  arsen  ite  of  silver  easier. 

A  solution  of  silver  nitrate  (neutral)  is  now  added  in  slight  excess ;  and  after 
stirring  a  moment,  to  |>artially  coagulate  the  precipitated  arsenate,  which  is  of 
a  brick-red  colour,  the  liquid  is  filtered,  and  the  precipitate  washed  with  cold 
water.  Tae  filtrate  is  then  tested  with  silver  and  dilute  ammonia,  to  see  that 
the  precipitation  is  complete. 

The  object  is  now  to  determine  the  amount  of  silver  in  the  precipitate,  and 
from  this  to  calculate  the  arsenic.  The  arsenate  of  silver  is  dissolved  on  the 
filter  with  dilute  nitric  acid  (which  leaves  undissolved  any  chloride  of  silver),  and 
the  filtrate  titrated,  after  the  addition  of  ferric  sulphate,  with  thiocyanate  (§43), 

From  the  formula  SAgoO.AsgO^,  648  parts  Ag=150  jmiiIs  As,  or 
A*(:  As=108  :  25. 

A  modification  of  the  above  method  is  suggested  by  J.  F.  15ennett 
(J,  Am,  C.  S.  xxi.  431)  in  order  to  avoid  some  sources  of  inaccuracy. 
He  found  it  very  difficult  to  obtain  neutrality  by  either  of  the 
mentioned  processes,  and  by  avoiding  ammonia,  phenolphthalein  could 
be  used  as  an  indicator. 

MErHOD  OF  Procedure  :  0*5  gm.  of  the  finely-powdered  substance  is  fused 
with  3  to  5  gm.  of  sodium  carbonate  and  potassium  nitrate  in  equal  parts,  alx)ut 
one-third  being  used  on  the  top.  On  cooling,  the  mass  is  extracted  with  boiling 
water  and  filtered.  The  filtrate,  which  contains  the  arsenic  aa  alkaline  arsenate, 
is  strongly  acidified  with  acetic  acid,  then  boiled  to  expel  COj,  and,  after  cooling, 
treated  with  a  few  drops  of  phenolphthalein  and  suJlicient  caustic  soda  to  give 
an  alkaline  reaction.  The  purple-red  coloration  produced  by  an  excess  of  alkali 
is  then  discharged  by  acetic  acid.    A  slight  excess  of  neutral  silver  nitrate  is 

*  Can  by  neutrdlizes  with  an  emulsion  of  xiuc  oxide. 
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then  strongly  stirred  in,  and  the  whole  left  to  settle,  awiij  from  direct  sunlight ; 
the  supernatant  liquid  is  poured  off  through  a  filter,  and  the  precipitate  washed 
by  decantation  with  cold  water,  then  thrown  on  the  filter  and  thoroughly  washed. 
The  funnel  is-  then  filled  with  water  and  20  c.c.  of  strong  nitric  acid,  this  liquid 
is  run  through  the  filter  into  the  original  beiker,  the  residue  washed  thoroughly 
with  cold  water,  and  the  filtrate  made  up  to  about  100  c.c,  then  titrated  with 
standard  thiocyanate. 

Owing  to  tUe  large  amount  of  arsenate  of;  silver  formed  from  a  small 
quantity  of  arsenic  (nearly  six  times  by  weight),  it  is  not  at  all  necessary 
or  even  desirable  to  work  with  large  amounts  of  substance.  0*5  gm.  is 
usually  sufficient  for  the  determination  of  the  smallest  quantity  of 
arsenic ;.  and  where  the  percentage  is  high,  as  little  as  0*1  gm.  may 
be  taken  witli  advantage.  The  method  lias  been  used  with  very 
satisfactory  results  on  the  sulphide  of  arsenic  obtained  in  the  ordinary 
course  of  analysis. 

Substances  such  as  molybdic  and  phosphoric  acids,  which  behave 
similarly  to  arsenic  under  this  treatment,  interfert*,  of  course,  with 
the  method.  Antimony,  by  forming  sodium  antimoniate,  remains 
practically  insoluble  and  without  effect. 

6.    Estimation  of  Arsenious  Sulphide  by  Iodine. 

A  paper  by  J.  and  H.  8.  Pattinson  on  the  sei)ai'ation  and  estimation 
of  arsenic  as  sulphide  is  contained  in  J,  S,  C.  I.,  1898,  p.  211,  and 
in  which  it  is  shown  that  sejmration  of  the  metal  from  many  others, 
viz.,  lead,  tin,  cadmium,  antimony,  and  bismuth,  is  complete  when 
made  in  concentrated  hydrochloric  acid  (sp.  gr.  1*1 6-1 'IT).  The 
subsequent  estimation  is  carried  out  by  the  authoi*s  as  follows  : — 

Method  of  Proceduke:  The  precipitate  is  collected  on  asbestos  in  a  Go och 
crucible  and  washed  with  cold  water  until  free  from  hydrochloric  acid.  The 
asbestos  felt  with  the  adhering  precipitate  is  then  placed  in  a  small  beaker ;  the 
crucible  is  wiped  out  with  a  little  clean  ignited  asbestos,  which  is  also  put  inta 
the  beaker.  10  or  15  c.c.  of  concentrated  sulphuric  acid  (specific  gravity  about 
1*83),  free  from  arsenic,  are  then  poured  into  the  beaker,  which  is  then  placed 
without  a  cover  on  a  hot  plate  or  on  a  wire  gauze  over  a  small  Bunsen  flame  in 
a  good  draught  clo«et.  As  soon  as  the  acid  reaches  the  temperature  at  which  it 
begins  to  fume,  the  arsenious  sulphide  becomes  rapidly  decomposed ;  at  first  both 
sulphuretted  hydrogen  and  sulphurous  acid  are  given  off  (if  a  cover  be  put  on 
the  beaker  the  mutual  decomposition  of  these  two  gases  causes  a  deposition  of 
sulphur  on  the  sides  of  the  beaker).  The  solution  of  sulphuretted  hydrogen  is- 
over  in  a  few  seconds,  but  the  sulphiur  dioxide  takes  longer  to  expel,  depending 
upon  the  quantity  of  arsenious  sulphide,  and  upon  the  quantity  of  free  sulphur 
that  may  have  been  mixed  with  the  precipitate.  As  soon  as  the  decomposition 
of  the  arsenious  sulphide  begins,  the  liquid  becomes  darkened  in  colour,  and  the 
heating,  which  may  be  brought  to  and  kept  at  the  verge  of  ebullition  of  the  acid, 
is  continued  until  this  dark  cjlour  passes  away,  when  it  will  be  found  that  all 
the  sulphiupous  acid  has  been  expelled.  It  is  of  the  utmost  importance  that  all 
sulphurous  acid  should  be  eliminated  at  this  stage.  This  takes  about  10  to  20* 
minutes  with  precipitates  of  sulphide  weighing  about  002  gm.  and  nearly  free 
from  free  sulphur.  Arsenious  acid  remains  in  solution  in  the  sulphuric  acid,  and 
the  amount  is  determined  by  cooling  the  acid,  diluting  with  water,  nearly 
neutralizing  the  acid  with  concentrated  sodium  hydrate  solution,  and  then 
completing  the  neutralization  and  rendering  alkaline  with  an  excess  of  sodium 
bicarbonate,  and  finally  titrating  with  standard  iodine  solution  and  starch.  The 
iodine  solution  most  be  standaxdized  against  a»  approximately  equal  quantity  of 
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arseniou^  acid,  to  which  the  same  amount  of  sulphuric  acid  has  heen  added  as 
was  used  for  the  decomjwsition  of  the  arsenioiis  sulphide  precipitate.  As 
»iul]>huric  acid  alone  usuall}'  requires  a  few  tenths  of  a  cubic  centimeter  of 
cent i normal  iodine  solution  to  be  added  to  it  before  the  blue  colour  of  iodide  of 
starch  forms,  a  blank  ex]>eriment  with  the  stock  of  acid  in  use  should  be  made 
once  foB  all,  and  the  amount  of  iodine  solution  required  by  the  solution  of  the 
decomposed  arsenioiis  sulphide  precipitate,  and  from  the  amount  required  by  the 
arsenious  acid  solution  against  which  the  iodine  solution  has  been  standardized. 
It  was  found  the  best  plan  to  avoid  breaking  up  the  asbestos  felt,  and  if  possible 
to  put  it  in  the  beaker  so  that  the  side  on  which  the  precipitate  lies  is  on  the 
bottom  of  the  beaker.  This  prevents  the  precipitate  from  becoming  detached 
from  the  felt  and  floating  to  the  top  of  the  acid  or  creeping  up  the  side  of  the 
beaker. 

This  method  was  usimI  for  six  months  in  the  course  of  daily  work, 
alon«^i(le  of  determinations  made  by  weighing  the  sulphide  precipitatis 
or,  after  having  separated  the  arsenic  liy  Fisclier's  distillation  process, 
by  titrating  the  distillate  ([)reviously  rendered  alkaline)  with  iodine 
solution,  and  the  results  are  very  concordant. 

Experiment'^  show  that  there  is  no  h)ss  of  arsenious  acid  by 
volatilization  when  arsenious  sulphide  is  decompose^l  ])y  heating 
with  strong  sulphuric  acid  in  the  manner  described. 


Estimation  of  Arsenic  in  Iron  Ores,  Steel,  and  Pig  Iron 

(J.  E.  JStead). — The  best  meth(Kl  of  seiwirating  arsenic  from  iron 
solutiiMis  is  undoubtedly  that  of  distilling  with  hydrochloric  acid 
and  ferrous  chloride. 

Stead  found  aft(»r  many  trials  and  experiments,  that  if  the 
distillation  is  conducted  in  a  special  manner,  the  whole  of  the 
arsenic  may  be  obtained  in  the  distillate,  unaccompanied  with  any 
traces  of  ferrous  chloride,  and  that  if  the  hydrochloric  acid  is  nearly 
neutralized  with  ammonia,  and  finally  comidetely  neutralized  with 
sodium  bicarbonate,  the  arsenic  can  ])e  determine<l  with  iodine  in  the 
usual  manner. 

Th<»  standard  solutions  reijuired  are  : — 

Arsenious  cjxide  0*66  gni.  (0*5  gm.  metallic  arsenic)  of  pure 
arsenious  acid  in  fine  jMnvder  is  weighed  and  placed  into  a  flask,  with 
2  gm,  of  sodium  carbonate  and  100  c.c.  of  boiling  distilled  water,  antl 
the  li(|uid  boiled  till  all  the  arsenious  oxide  has  dissolved.  When 
cool,  2  gm.  of  s(Mlium  bicarbonate  are  added  anil  diluted  to  one  liter : 
1  c.c.  =  0-0005  gm.  As. 

Lnline  solution.  1*7  gm.  of  pure  iodine  is  dissolved  in  2  gm. 
of  ])otassium  iodide  and  water,  the  solution  diluted  to  one  liter,  then 
standardized  by  titrating  20  c.c.  of  the  arsenious  soluticm.  If  the 
iodine  has  been  pure,  20  c.c.  of  the  solution  should  be  rec[uired  to 
just  i>roduce  a  permanent  blue  with  starch. 

These  solutions  kee])  fairly  well  without  alteration  for  several 
months.  It  is  advisable,  however,  to  periodically  ascertain  the  value 
of  the  iodine  bv  titrating  it  with  the  arsenic  solution. 

Method  of  PBocEDrBF.  fob  Steel:  From  1  to  50  gm.  of  the  steel  in 
drillings  are  introduced  into  a  30-ounce  flask,  and  a  8u£5cient  quantity  of  equal 
parts  of  strong  hydrochloric  acid  and  water  is  added  to  dissolve  it.  The  moutli 
of  the  flask  is  closed  with  a  rubber  cork  carrying  a  safety  tube,  and  a  tube  to 
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•convey  the  gas  evolved  into  the  Winkler's  spiral  absorption  tubes,  containing 
a  strong  saturated  solution  of  bromine  in  water. 

The  tube  is  filled  to  one-third  of  its  length  with  the  solution,  and  about  k  c.c. 
•of  free  bromine  is  run  in  to  replace  the  bromine  which  is  consumed  or  carried 
•out  with  the  passing  gas. 

The  contents  of  the  flask  are  now  gently  heated  to  such  a  degree  that  a  steady 
hut  not  rapid  current  of  gas  passes  through  the  bromine  solution. 

In  about  one  hour  the  whole  of  the  steel  will  be  dissolved,  and  when  no  more 
•evolution  of  hydrogen  can  be  observed,  the  liquid  in  the  flask  is  well  boiled,  so 
as  to  completely  drive  all  the  gas  into  and  through  the  bromine  solution. 

The  absorption  tube  is  now  disconnected,  and  the  bromine  solution  containing 
that  part  of  the  arsenic  which  has  passed  off  as  gas  is  rinsed  out  into  a  small 
100  c.c.  beaker,  and  the  excess  of  bromine  is  gently  boiled  off,  and  the  clear 
colourless  solution  is  poured  into  the  flask.  About  0*5  gm.  of  zinc  Fulphide  is 
now  dropped  into  the  iron  solution  and  the  contents  are  violently  shaken  for 
-about  three  minutes,  by  which  time  the  whole  of  the  arsenic  will  be  in  the 
insoluble  state,  partly  as  sulphide  and  partly  as  a  black  precipitate  of  jwstjibly 
free  arsenic  and  arsenide  of  iron. 

It  has  been  found  that  violent  agitation  for  a  few  minutes  is  quite  as  effiaicious 
in  effecting  the  complete  separation  of  arsenic  sulphide  as  by  the  method  of 
passing  a  current  of  COj  through  the  solution  to  remove  the  excess  of  hydric 
sulphide,  or  by  allowing  it  to  stand  ten  or  twenty  hours  to  settle  out. 

The  insoluble  precipitate  is  now  rapidly  filtered  through  a  smooth  filter-jxiper, 
and  the  flask  is  rinsed  with  cold  distilled  water.  The  precipitate  usually  docs 
not  adhere  to  the  filter,  and  in  such  cases  the  paper  is  spread  out  flat  upon 
a  porcelain  slab,  and  the  arsenic  compounds  are  rinsed  off  with  a  fine  jet  of  hot 
water  into  a  small  beaker.  The  precipitate  is  now  dissolved  in  bromine  WTiter, 
-and  a  drop  or  two  of  HCl. 

The  bromine  solution  now  containing  all  the  arsenic  is  gently  boiled  to  expel 
the  bromine,  and  it  is  then  poured  into  a  lO-ounce  retort  and  is  distilled  with 
ferroas  chloride  and  hydrochloric  acid. 

The  apparatus  used  consists  of  an  ordinary  Liebig's  condenser,  but  the 

retort  has  its  neck  bent  to  an  angle  of  about  150^,  and  this  is  attached  to  the 

-condenser,  so  tliat  any  iron  mechanically  carried  over  may  run  back.     By  this 

device,  the  distillate  will  never  contain  more  than  the  very  slightest  trace  of  iron. 

The  solution  containing  the  arsenic  having  been  run  into  the  retort,  the  beaker 
is  washed  out  and  the  washings  are  also  poured  in.  If  the  solution  is  much 
above  20  c.c.  in  bulk,  it  is  advisable  to  add  a  strong  solution  of  ferrous  chloride 
containing  about  0'5  gm.  of  iron  in  the  ferrous  state,  and  for  this  purpose 
nothing  answers  so  well  as  a  j>ortion  of  the  steel  solution  remaining  after 
separating  the  arsenic,  which  is  first  well  boiled  to  free  it  from  In^dric  sulphide, 
and  should  contain  about  10  per  cent,  of  soluble  iron  as  ferrous  chloride.  5  c.c. 
of  this  solution  will  contain  the  necessary  amount  of  iron  to  add  to  the  retort. 
After  adding  the  chloride,  it  is  best  to  boil  down  the  solution  to  about  20  c.c. 
•before  adding  any  HCl,  taking  care,  of  course,  to  collect  what  liquid  distils  over. 
When  the  necessary  concentration  lias  been  effected,  20  c.c.  of  strong  HCl  are 
run  in,  and  the  distillation  is  continued  till  all  excepting  about  10  c.c.  has  jjassed 
over.  A  further  quantity  of  20  c.c.  mixed  with  5  c.c.  of  water  is  run  in,  and 
this  is  all  distilled  over.  At  this  x>oint,  as  a  rule,  all  the  arsenic  will  liave  passed 
into  the  distillate,  but  it  is  advisable  to  make  quite  certain,  and  to  add  a  third 
portion  of  acid  and  water,  and  to  distil  it  over.  If  the  distillation  has  not  been 
forced,  the  distillate  will  be  quite  colourless.  The  arsenic  in  the  distillate  will 
exist  as  arsenious  chloride,  accompanied  with'a  large  excess  of  hydrochloric  acid. 
A  drop  of  litmus  is  put  into  this  solution,  and  strong  ammonia  is  run  in  until 
alkaline.  It  is  now  made  slightly  acid  with  a  few  drops  of  HCl,  and  a  slight 
excess  of  solid  bicarbonate  of  soda  is  dropped  in.  The  contents  of  the  flask  are 
now  cooled  by  a  stream  of  water,  and,  after  adding  a  clear  solution  of  starch,  the 
standard  iodine  is  run  in  from  a  burette  till  a  deep  permanent  blue  colouration 
is  produced. 

If  the  steel  or  iron  contains  much  arsenic,  a  smaller  quantity,  say,  1  or  2  gm., 
.may  be  dissolved  in  nitric  acid  of  1'20  specific  gravity  and  the  solution  evaporatetl 
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to  dryness,  the  residue  bein^  dissolved  in  hydrochloric  acid,  and  the  solution 
transferred  to  the  retort,  and  distilled  directly  with  ferrous  chloride  and  hydro- 
chloric acid,  care  being  taken  that  the  distillation  is  not  forced,  so  as  to  avoid 
any  of  the  iron  solution  passing  over  into  the  distillate. 

Method  of  Procedure  for  Pig  Iron  :  In  testing  pig  irons,  they  may  be 
dissolved  in  nitric  acid  and  evaporated  to  dryness,  or  be  treated  in  a  fUwk  with 
HCl  exactly  in  the  manner  described  above ;  but  it  is  advisable,  if  the  latter 
method  is  adopted,  after  treating  the  voluminous  mass  of  silica  and  graphite,  etc., 
with  bromine  and  hydrochloric  acid,  to  filter  o£f  the  insoluble  matter  and  distil 
the  clear  solution. 

Method  of  Procedure  for  Iron  Ores:  In  testing  ores,  it  is  only 
necessary  to  place  the  powdered  ore  directly  into  the  retort,  and  distil  at  once 
with  HCl  and  ferrous  chloride,  taking  care  to  place  a  few  small  pieces  of  ^re- 
brick  also  in  the  vessel,  to  avoid  bumping. 

If  the  ore  contains  much  manganese,  it  is  advisable  to  dissolve  it  in  a  separate 
vessel  to  liberate  and  expel  the  chlorine,  and  then  to  transfer  it  into  the  retort. 

The  time  taken  to  test  iron  or  steel  need  not  exceed  two  hours,  and  for  iron  or 
other  ores  not  much  more  than  half  .an  hour. 

It  is  quite  possible  to  accurately  determine  as  small  a  quantity  as  0*002  per 
cent,  of  arsenic  by  this  method. 

When  dissolving  steels  in  dilute  IICl,  if  there  is  no  rust  on  the  sample  or 
ferric  chloride  present  in  the  acid,  and  the  presence  of  air  is  carefully  avoided, 
as  a  rule  only  about  one-tenth  of  tlie  total  arsenic  present  passes  o£f  with  the  gas. 

A  very  simple  and  acx'umte  method  of  ascertaining  a  small  amount 
of  arsenic  when  it  exists  in  the  form  of  freshly  prt»cipitate<l  sulphide 
is  8Ugge>*ted  by  F.  Flatten  (/.  S.  C,  I.  xiii.  324).  It  consists  in 
simi)ly  lx)iling  the  sulphide  with  pure  water  for  a  period  of  from 
1  to  3  hours,  or  until  the  licjuid  is  quite  colourless,  and  all  the  H^S 
dissipated.  The  arsenic  will  then  exist  wholly  as  As^O,,  and  may 
be  titrated  direct  with  ^/la©  iodine,  and  a  slight  amoimt  of  sodium 
bicar]K)nate  as  usual. 

Both  this  and  Stead's  method  have  been  \)roved  to  give  identical 
results,  when  carried  out  by  separate  skilled  op(»rators  on  the  same 
samples  of  material. 

BABIUM. 

Ba=  137-4. 

S  48.  In  a  great  number  of  instances  the  estimation  of  l)arium  is 
simi)ly  the  converse  of  the  process  for  sulphuric  acid  (§  77),  using 
either  a  standard  solution  of  sulphuric  acid  or  a  neutral  sulphate  in 
a  known  excess,  and  finding  the  amount  by  residual  titration. 

When  barium  can  be  separated  as  carbonate,  the  estimation  is  made 
as  in  §  18.2. 

Precipitation  as  Barium  Ghromate.— A  decinormal  solution  of 
bichromate  for  precipitation  pur|X)8es  must  differ  from  that  used  for 
oxidation  pur|)ose8.  In  the  present  case  the  solution  is  made  by 
dissolving  7*37  gm.  of  pure  potassium  bichromate  in  water,  and 
diluting  to  1  liter. 

Method  of  Pbocedubs  :  The  barium  compound,  which  may  contain  alkalies, 
magnesia,  strontia,  and  Ume,  is  dissolved  in  a  good  quantity  of  water,  ammonia 
free  from  carbonate  added,  heated  to  6(f  or  70°  C,  and  the  standard  bichromate 
added  cautiously,  with  shaking,  so  long  as  the  yellow  precipitate  of  barium 

li 
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ohromate  is  formed,  and  until  the  olear  supernatant  liquid  possesses  a  faint  yellow 
colour.     1  CO.  ^/lo  solution =0*00684  gm.  Ba. 

Titration  of  the  Precipitate  with  Permanganate.— In  this  case 

the  precipitate  of  barium  chromate  is  well  washed,  transferred  to  a  flask,  and 
mixed  with  an  excess  of  ferrous  ammonium  sulphate;  the  amount  of  iron 
oxidized  by  the  chromic  acid  is  then  estimated  by  titration  with  permanganate ; 
the  quantity  of  iron  changed  to  the  ferric  state  multiplied  by  the  factor 
0-8187  =  Ba. 

BISMUTH. 

Bi  =  208. 

§  49.  The  estimation  of  this  metal  or  its  compounds  volumetrically 
has  occupied  the  attention  of  Pattinson  Muir,  to  whom  we  are 
indebted  for  several  methods  of  gaining  this-  end.  Two  of  the  best 
are  given  here,  namely,  (1)  precipitation  of  the  metal  as  basic  oxalate, 
and  titration  with  permanganate  ;  (2)  precipitation  as  phosphate  with 
excess  of  standaixl  sodium  phosphate,  and  titration  of  that  excess  In- 
standard  uranium  acetate. 

1.    Titration  as  Oxalate. 

Normal  bismuth  oxalate,  produced  by  adding  excess  of  oxalic  acid 
to  a  nitric  solution  of  the  metal  when  separated  by  filtration,  and 
boiled  with  successive  quantities  of  water  for  three  or  four  times,  is 
transformeil  into  basic  oxalate. 

Method  of  Pbocedure  :  The  solution  containing  bismuth  must  be  free  from 
hydrochloric  acid,  as  the  basic  oxalate  is  readily  soluble  in  that  acid.  A  lar^e 
excess  of  nitric  acid  must  also  be  avoided.  Oxalic  acid  must  be  added  in  con- 
siderable excess.  If  the  precipitate  be  thoroughly  shaken  up  with  the  liquid, 
and  the  vessel  be  then  set  aside,  the  precipitate  quickly  settles,  and  the  super- 
natant liquid  may  be  poured  oflf  through  a  filter  in  a  very  short  time.  If  the 
precipitate  be  boiled  for  five  or  ten  minutes  with  successive  quantities  of  about 
50  c.c.  of  water,  it  is  quickly  transformed  into  the  basic  salt.  So  soon  as  the 
supernatant  liquid  ceases  to  show  an  acid  reaction,  the  transformation  is  complete. 
It  is  well  to  employ  a  solution  of  permanganate  so  dilute,  that  at  least  50  c.c.  are 
required  for  the  titration  (^/lo  strength  suffices).  The  basic  oxalate  may  be 
dissolved  in  dilute  sulphuric  acid  in  place  of  hydrochloric ;  it  is  more  soluble, 
however,  in  the  latter  acid.  If  the  solution  contains  but  little  hydrochloric  acid, 
there  is  no  danger  of  chlorine  being  evolved  during  the  process  of  titration. 

In  applying  this  process  to  the  estimation  of  bismuth  in  a  solution  containing 
other  metals,  it  is  necessary,  if  the  solution  contain  substances  capable  of  acting 
upon,  or  of  being  acted  on  by  permanganate,  to  separate  the  bismuth  from  the 
other  metals  present.  This  is  easily  done  by  precipitating  in  a  partially 
neutralized  solution  with  much  warm  water  and  a  little  ammonium  chloride. 
The  precipitate  must  be  dissolved  in  nitric  acid,  and  the  liquid  boiled  down  once 
or  twice  with  addition  of  the  same  acid  in  order  to  expel  all  hydrochloric  acid, 
before  precipitating  as  oxalate.  The  liquid  should  contain  just  sufficient  nitric 
acid  to  prevent  precipitation  of  the  basic  nitrate  before  oxalate  acid  is  added. 
I  molecule  oxalic  acid  corresponds  to  I  atom  bismuth,  or  126=208. 

A  shorter  method,  based  on  the  same  reactions,  has  been  arranged 
by  Muir  and  Robbs  (/.  G.  S.  I.  xli.  1).  In  this  case,  however,  the 
double  oxalate  of  potassium  and  bismuth  is  the  compoimd  obtained, 
the  excess  of  oxalate  of  potash  being  determined  residually.  Reis 
(BencMe,  xiv.  1172)  has  shown  that  when  normal  potassium  oxalate 
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is  added  to  a  solutiun  c»f  bismuth  nearly  free  from  mineral  acid,  but 
containing  acetic  acid,  a  double  salt  of  the  formida  Bi.^  {C,^0^)^,  KgCgO^ 
is  precipitated.  In  ai)plying  this  proce.Hs  for  the  estimation  of  bismuth 
in  mixtures,  it  is  necessary  to  sejiarate  the  metal  as  oxychloride,  and 
that  it  shoidd  be  obtained  in  solution  as  nitrate  with  a  small  excess  of 
nitric  acid.  This  is  done  by  evaporating  off  the  greater  part  of  the 
free  acid,  allowing  just  sufticient  to  remain  that  the  bismuth  may 
remain  in  solution  while  hot.  A  large  excess  of  acetic  acid  is  then 
added,  it  is  made  up  to  a  definite  measure,  and  an  aliquot  i)ortion 
taken  for  titration. 

The  solution  of  normal  i)otassium  oxalate  standanlized  by  perman- 
ganate must  not  be  added  in  gr(»at  excess.  It  is  well,  therefore,  to 
deliver  it  into  the  bismuth  liquid  from  a  burette  until  the  precipitation 
is  apparently  complete,  then  add  a  few  extra  c.c,  and  allow  to  remain 
for  some  time  with  shaking.  It  is  then  filtereil  through  a  dry  filter, 
a  measured  portion  taken,  and  the  residual  oxalic  acid  found  by 
permanganate. 

For  estimating  bismuth  in  ores  the  following  method  has  been 
worked  by  Warwick  ami  Kyle  (C  iV.  Ixxv.  3). 

One  gm.  of  the  finely  powdered  ore  is  evaporated  to  dryness  with  5  or  10  c.c. 
of  strong  nitric  acid ;  another  5  c.c.  of  acid  and  25  c.c.  of  water  are  added,  and 
the  whole  is  diluted  to  100  c.c.  Five  gm.  of  ammonium  oxalate  or  oxalic  acid 
are  introduced,  boiled  for  five  minutes,  allowed  to  settle,  and  the  supernatant 
liquid  filtered  off.  The  precipitate  is  boiled  twice  with  50  c.c.  of  water,  and  the 
washings  are  passed  through  the  same  paper.  With  an  ordinary  ten  per  cent, 
ore  this  treatment  should  siiitioe  to  convert  the  bismuth  oxalate  into  the  basic 
salt ;  but  if  the  filtrate  is  still  acid,  boiling  must  be  repeated  to  neutrality.  The 
precipitate  on  the  paper  is  then  dissolved  in  2  to  5  c.c.  of  1  :  1  UCl,  receiving 
the  liquid  in  the  beaker  containing  the  bulk  of  the  basic  oxalate ;  this  is  warmed 
till  entirely  dissolved,  and  then  diluted  to  250  c.c.  with  hot  wat«r.  The  solution 
w  neutralized  with  ammonia,  and  the  resulting  precipitate  taken  up  in  1  :  4 
H2SO4,  adding  a  few  c.c.  in  excess.  Finally  the  liquid  is  titrated  at  between  70° 
and  lOCf  C.  mth  permanganate.  A  permanganate  solution  in  which  1  c.c.  = 
0010  gm.  Fe  will  be  ecpial  to  00186  gm.  bismuth ;  by  diluting  100  c.c.  of  this 
with  86  c.c.  of  water  a  solution  of  permanganate  will  be  obtained,  of  which  1  c.c. 
should  equal  0010  gm.  of  bismuth.  A  permanganate  solution  1  c.c— 0010  gm. 
Fe;  found =001868  gm.  Bi.  100  c.c.  pennanganate  above +  86  c.c.  of  wat-er; 
1  c.c.  found  =0*01017  gm.  Bi.  Lead,  iron,  copper,  zinc,  arsenic,  and  tellurium 
do  not  interfere  with  the  process.  Care  must  be  taken  to  avoid  usin^  too  little 
or  too  much  nitric  acid.  Hydrochloric  acid  must  not  be  used  to  dissolve  the  ore. 
The  results  are  accurate  enough  for  all  commercial  work,  and  an  analysis  occupies 
little  time.  The  fijfures  (juoted  show  maximum  errors  of — 0*0032  and  +  0*001  gm. 
in  determining  0*5  gm.  of  bismuth  in  presence  of  lead,  copper,  zinc,  iron,  and 
arsenic. 

2.    Preoipitation  as  Phosphate. 

The  necessary  standard  solutifms  are — 

(a)  Standarfl  scnlium  phosphate  containing  35*8  gm.  per  liter. 
1  c.c.  =00071  gm.  IW 

(h)  Standaixl  uranium  acetate,  corresjionding  volume  for  volume 
with  the  above,  when  titrated  with  an  approxiniately  e([ual  amount 
of  sodium  acetate  and  free  acetic  acid. 

Success  dejwnds  very  much  upon  identity  c)f  conditions,  as  is 
explaine<l  in  §  73. 

H  2 
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Method  of  Procedure  :  The  bismuth  to  be  estimated  must  be  dissolved  in 
nitric  acid ;  bases  other  than  the  alkalies  and  alkaline  earths  must  be  absent. 
The  absence  of  those  acids  which  interfere  with  the  determination  of  phosphoric 
acid  by  the  uranium  process  (non-volatile,  and  reducing  organic  acids, 
sulphuretted  hydrogen,  hydriodic  acid,  etc.)  must  be  assured.  As  bismuth  is 
readily  separated  from  other  metals,  with  the  exception  of  antimony  and  tin,  by 
addition  of  much  warm  water  and  a  little  ammonium  chloride  to  feebly  acid 
solutions,  a  separation  of  the  bismuth  from  those  other  metals  which  are  present 
should  precede  the  process  of  estimation.  If  alkalies  or  alkaline  earths  be  alone 
present,  the  separation  may  be  dispensed  with.  The  precipitated  bismuth  salt  is 
to  be  washed,  dissolved  in  a  little  strong  nitric  acid,  and  the  solution  boiled 
down  twice  with  addition  of  a  little  more  nitric  acid,  in  order  to  remove  the 
whole  of  the  hydrochloric  acid  present. 

Such  a  quantity  of  a  tolerably  concentrated  solution  of  sodium  acetate  is 
added  as  shall  insure  the  neutralization  of  the  nitric  acid,  and  therefore  the 
presence  in  the  liquid  of  free  acetic  acid.  If  a  precipitate  form,  a  further 
addition  of  acetate  must  be  made.  The  liquid  is  heated  to  boiling ;  a  measured 
volume  of  the  sodium  phosphate  solution  is  run  in ;  the  boiling  is  continued  for 
a  few  minutes ;  the  liquid  is  passed  through  a  ribbed  filter,  the  precipitate  being 
washed  repeatedly  with  hot  water;  and  the  excess  of  phosphoric  acid  is 
determined  in  the  filtrate  by  titration  with  uranium.  If  the  filtered  liquid  be 
received  in  a  measuring  flask,  which  is  subsequently  tilled  to  the  mark  with 
water,  and  if  the  inverted  uranium  method  be  then  employed,  the  results  are 
eicepdingly  accurate.  This  method  is  especially  to  be  recommended  in  the 
estimation  of  somewhat  large  quantities  of  bismuth,  since  it  is  possible  that  in 
such  cases  a  large  amount  of  sodium  acetate  will  have  been  used,  which,  as  is 
well  known,  has  a  considerable  disturbing  effect  on  the  reaction  of  the  indicator. 

If  the  bismuth  solution  contain  a  large  excess  of  nitric  acid,  it  is  better  to 
neutralize  nearly  with  sodium  carbonate  before  adding  sodium  acetate  and 
titrating. 

Fuller  details  of  both  the  above  processes  are  contained  in  /.  C.  S. 
1877  (p.  674)  and  1878  (p.  70). 

3.    Estimation  by  Alkaline  Arsenite. 

This  method  is  suggested  by  Re i chard  (Z.  a.  C,  1899,  p.  100), 
but  wants  some  more  authority  to  recommend  it  as  useful. 

Method  of  Procedure  :  A  weighed  quantity  of  the  bismuth  compound 
is  dissolved  in  acid,  an  excess  of  alkali  is  added,  and  the  liquid  is  treated  with 
chlorine  water  or  gas ;  or  the  oxidation  may  be  effected  by  the  direct  addition  of 
the  bismuth  solution  to  a  mixture  of  sodium  hypochlorite  and  caustic  soda. 
The  liquid  is  boiled  until  the  original  orange  colour  of  the  precipitate  is  changed 
to  a  dark  red.  The  excess  of  soda  and  chlorine  is  then  removed  by  repeated 
washing  with  water  by  decantation.  The  precipitate  is  boiled  with  a  solution  of 
arsenious  acid  in  caustic  soda  containing  0*01  gm.  of  As-^Oa  per  1  c  c.  until  it  is 
completely  converted  into  the  white  hydrate  Bi.2(0H)fi.  When  the  reduction 
is  complete,  the  liquid  is  strongly  acidified  with  sulphuric  acid  and  filtered  hot, 
then  the  residual  arsenious  acid  in  the  filtrate  is  titrated  with  permanganate.  If 
a  weaker  standard  solution  of  arsenic  is  used  the  reduction  is  very  slow.  In  any 
case  it  is  advisable  to  use  only  a  small  quantity  of  bismuth. 

BBOMINE. 

Br  =  80. 

§  50.  This  element,  or  its  unoxidized  compounds,  can  be  estimated 
precisely  in  the  same  way  as  chlorine  by  ''/iq  silver  solution  (§  42), 
or  alkalimetrically  as  in  §  32,  or  by  thiocyanate  (§  43),  but  these 
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metliods  are  seldom  of  any  avail,  since  the  absence  of  chlorine  or  its 
combinations  is  a  necessary  condition  of  accuracy. 

Bromine  in  aqueous  solution,  or  as  gas,  may  be  estimated  by 
absorption  with  solution  of  iK)tassium  iodide,  in  many  cases  by  mere 
digestion,  and  in  other  cases  by  distillation,  in  any  of  the  forms  of 
apparatus  given  in  §  39,  and  the  operation  is  carried  out  precisely  as 
for  chlorine  (§  54).     1  eq.  1  =  1  eq.  Br.  or  I  found  x  0*63  =  Br. 

A  process  for  the  estimation  of  bromine  in  presence  of  chlorine  is 
still  much  wanted  in  the  case  of  examining  kelp  liquors,  etc.  Heine 
(Joum.  /.  pracf.  Chem.  xxxvi.  184)  use^  a  colour  method  in  which 
the  bromine  is  liberated  by  free  chlorine,  absorbed  by  ether,  and 
the  colour  compare<l  with  an  ethereal  solution  of  bromine  of  known 
strength.  Fehling  states  that  with  care  the  process  gives  fairly 
accurate  results.  It  is  of  course  necessary  to  have  an  approximate 
knowletlge  of  the  amount  of  bromine  prei»ent  in  any  given  solution. 

Reimann  {Aminl.  rf.  Chem,  u,  Phann,  cxv.  140)  adopts  the 
following  method,  which  gives  tolerably  accurate  results,  but  requires 
skill  and  practice. 

The  neutral  bromine  solution  is  placed  in  a  stoppered  vessel, 
together  with  a  globule  of  chloroform  about  the  size  of  a  hazel  nut. 
Chlorine  water  of  known  strength  is  then  added  cautiously  from 
a  burette,  i>rotected  from  bright  light,  in  such  a  way  as  to  insure  first 
the  liberation  of  the  bromine,  which  colours  the  chloroform  orange 
yellow ;  then  more  chlorine  water,  until  the  yellowish  white  colour  of 
chloride  of  bromine  occurs  (KBr  +  2C1  =  KCl  +  BrCl). 

The  operation  may  be  assistiMl  b}'  making  a  weak  solution  of 
potassium  chromate,  of  the  same  colour  as  a  solution  of  chloride  of 
bromine  in  chloroform,  to  serve  as  a  standard  of  comparison. 

The  strength  of  the  chlorine  water  is  ascertained  by  jKitassium 
iodide  and  ''/iq  thiosiUphate.     2  ecj.  CI  =  1  eq.  Br. 

In  examining  mother-liquors  containing  organic  matter,  they  must 
l)e  evaporated  to  dryness  in  presence  of  free  alkali,  ignited,  extracted 
with  water ;  then  neutralized  with  hydrochloric  acid  before  titrating 
as  alx)ve. 

Cavazzi  ((jOzz.  Chivi.  JfaJ.  xiii.  174)  gives  a  method  which 
answers  well  for  estimating  bromine  in  small  quantity,  when  mixed 
with  large  proportions  of  alkaline  chlorides.  It  is  haaed  on  the  fact 
that,  when  such  a  mixture  is  heatexi  to  100"  C.  with  l)arium  peroxide 
and  sulphuric  acid,  the  whole  of  the  bromine  is  liberated  with  a  mere 
trace  of  chlorine;  the  bromine  so  evolved  is  absorbed  in  any  convenient 
apparatus,  such  as  fig.  39.  The  distillation  is  made  in  a  350  c.c. 
flask  with  double-bored  stopper;  one  bore  contains  an  open  tube 
reaching  to  the  lx)ttom  of  the  flask,  the  other  carries  the  delivery  tube 
which  is  connected  with  the  \J  tubes.  The  first  \J  tube  is  empty  ; 
the  second  contains  20  c.c.  of  a  standard  solution  of  arsenious  acid  in 
hydrochloric  acid,  containing  0*005  gm.  As./).^  in  each  c.c,  and  is 
connected  with  an  aspirator  or  water  pump.  The  apjmratus  is  arranged 
so  that  the  flask  and  empty  \J  tube  are  immersed  in  boiling  water, 
the  vapours  of  HgCX,  are  thus  decomposed,  and  the  stream  regulated 
by  the  asi)irator. 
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The  requisites  used  by  the  author  are — 

Barium  peroxide,  containing  63  "/^  BaiDo. 

Dilute  sulphuric  acid  1  :  2. 

Arsenious  acid  dissolved  in  dilute  hydrochloric  acid,  5  gm.  of  pure 
AsgOg  per  liter. 

Standard  permanganate,  3*55  gm.  per  liter. 

It  was  found  that  the  relative  strengths  of  the  arsenic  and  perman- 
ganate solutions,  when  titrated  together,  dilute*!,  and  boiling,  were, 
18*2  c.c.  of  the  latter  to  20  c.c.  of  the  former.  Therefore  1  c.c.  of 
permanganate  by  calculation  =  0*00888  gm.  Br. 

The  author  foimd  that  treating  2  gm.  of  KCl  in  the  apparatus, 
without  bromine,  always  gave  a  faint  trace  of  CI,  so  that  only  18  c.c. 
of  permanganate  were  required  for  the  20  c.c.  of  arsenic,  instead  of 
18*2  c.c. ;  and  this  he  regards  as  a  constant  for  that  quantity  of  material. 
The  examples  of  analysis  with  from  0*05  to  0*2  gm.  KBr,  and  all  with 
the  correction  of  0*2  c.c,  are  satisfactory. 

Norman  McCulloch  {C.  iV.  Ix.  259)  has  described  a  method, 
devised  by  himself,  for  the  rapid  and  accurate  estimation  of  bromine, 
in  presence  of  iodine  or  chlorine,  in  any  of  the  ordinary  commercial 
forms  or  chemical  combinations,  free  from  oxidizing  and  reducing 
agents  and  metals  forming  bromides,  insoluble  in  hydrochloric  acid. 
The  author's  explanation  of  the  principles  upon  which  the  method  is 
based  is  complicated  and  voluminous,  to  which  the  reader  is  referred. 
I  have  not  been  able  to  verify  the  method,  but  as  the  author  is  known 
to  have  j)ractical  experience,  as  well  as  theoretical  knowledge,  a  short 
summary  is  given  here. 

The  requisites  described  by  the  author  are — 

Standard  permanganate,  3-19  gm.  per  liter. 

Standard  potassium  iodide,  8*278  per  liter. 

The  solutions  should  agree  volume  for  volume,  but  it  is  preferable 
to  verify  them  by  dissolving  2-3  gm.  of  io<line  in  caustic  soda,  in 
a  150  c.c.  stoppered  bottle,  adding  HCl  in  good  excess,  cooling, 
then  adding  the  j)ermanganate  from  a  burette,  until  nearly  colourless. 
A  little  chlorofonn  as  indicator  is  tlien  added,  and  the  permanganate 
cautiously  run  in,  with  shaking  until  the  violet  colour  of  the  iodine  is 
discharged,  owing  to  production  of  ICl,  due  to  the  reaction  of  CI 
lil}erated  by  the  permanganate  from  HCl. 

The  iodine  equivalent  of  the  permanganate  is  calculated  to  bromine 
by  the  coefficient  x  0*6713  and  each  c.c.  permanganate  should  represent 
about  0*004  gm.  of  Br. 

The  other  reagents  are  puritied  chloroform,  made  by  adding  some 
jiermanganate,  then  HCl  till  colour  is  discharged,  then  a  little  Kl  and 
the  I  so  liberated  again  discharged  witli  permanganate,  finally  the 
cldorofonn  is  washed  free  from  all  acid. 

A  three  per  cent,  solution  of  hydrocyanic  acid,  made  by  decomposing 
a  solution  of  pure  potassium  cyanide,  with  excess  of  HCl,  and  adding 
permanganate  till  a  faint  pink  colour  remains.  40  gm.  of  KCN  in 
400  c.c.  of  water  witli  70  c.c.  of  HCl  will  give  such  a  solution. 
Owing  to  its  i)oisonous  nature  great  caution  must  l>e  used  in  making 
tliis  solution,  and  to  avoid  as  much  as  possible  the  evolution  of  prussic 
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acid  the  temperature  niu«t  l)e  kept  down  by  ice,  or  a  freezing  mixture 
of  nitre  and  sal  ammoniac.  If  the  cyanide  contains,  as  is  often  the 
case,  some  alkaline  carbonate,  this  should  be  removed  previously 
by  BaCl,  as  othermse  COg  will  be  liberated  and  a  loss  of  HCN 
occur,  finally  the  cool  solution  is  rendered  faintly  pink  with  some 
permanganate. 

Solution  of  manganous  chloride  is  made  by  dissolving  600  gm.  of 
MnCl2  +  4H2(.)  in  250  c.c.  of  warm  water.  Tliis  solution  is  used  to 
prevent  the  lilieration  of  free  cldorine  from  the  HCl  in  the  analysis. 

Method  of  Procedurk:  The  weighed  bromide,  containing  from  006  to 
0*15  gm.  of  Br  is  dissolved  in  15  c.c.  of  water  in  a  150  c.c.  stoppered  bottle,  and 
about  30  c.c.  of  the  manganese  solution  added ;  permanganate  is  then  run  in 
excess  of  the  required  (|uantity,  and  the  bottle  cooled  rapidly  to  l(f  C.  by  ice  or 
a  freezing  mixture.  When  cooled,  the  bottle  is  shaken  by  a  rotary  motion, 
and  about  15  c.c.  of  moderately  strong  HCl  slowly  added,  with  motion  of  the 
bottle  to  dissolve  the  manganic  hydroxide,  2-4  c.c.  of  hydrocyanic  solution  are 
then  delivered  in,  the  bottle  closed  and  returned  to  the  cooling  mixture  for  about 
half  an  hour.  The  liquid  is  then  titrated  with  the  standai^  potassium  iodide, 
until  nearly  decolorized  from  the  decomposition  of  the  manganic  chloride,  and 
then  slightly  coloured  from  liberation  of  free  I.  Lastly,  the  slight  excess  of 
iodide  is  estimated  by  adding  a  littje  chloroform,  and  the  titration  finished  with 
permanganate.  The  bromine  is  calculated  by  taking  the  difference  between  the 
amounts  of  bromine,  represented  by  total  permanganate  and  iodide  used.  If 
iodine  is  present  it  is  of  course  recorded  as  bromine,  and  its  amount,  if  recjuired, 
must  be  ascertained  by  some  other  method  cai»able  of  iti*  estimation  m  the 
presence  of  bromine. 

The  author  gives  sevemi  very  good  results  with  pure  soilium 
bromide. 


CADMIUM. 

Cd=  111-6. 

§  51.  This  metal  nmy  ])e  estimated,  as  is  the  case  with  many 
others,  by  precipitation  as  sulphide,  and  decomj>osing  the  sulphide 
with  a  ferric  salt,  the  iron  being  reduced  to  the  ferrous  state  in 
proportion  to  the  amount  of  sulphide  present. 

Follenius  has  found  that  when  cadmium  is  precipitated  as  sidpliide 
in  acid  li([uids,  the  precipitate  is  ai)t  to  be  contaminated  with  salts 
other  than  sulphide  to  a  small  extent.  The  separation  as  sulphide 
is  Ijest  made  by  passing  H^S  into  the  hot  liquid  which  contains  the 
cadmium,  and  which  should  l)e  acidified  with  10  per  cent,  of  con- 
centrated sidphuric  acid  by  volume.  From  hydrochloric  acid  solutions 
the  metal  is  only  completely  separated  by  HoS  when  the  hot  solution 
contains  not  more  than  5*  per  cent,  of  acid  of  sp.  gr.  I'll,  or  14  j)er 
cent,  if  the  liquid  is  cold. 

Ferric  chloride  is  to  be  preferred  for  the  decomposition  of  the 
cadmium  sulphide,  and  the  titration  is  carried  out  i)reci8ely  as  in  the 
case  of  zinc  (§  84.4). 

P.  von  Berg  (Z.  a.  C.  xxvi.  23)  gives  a  good  technical  process  for 
the  estimation  of  either  cadmium  or  zinc  as  sulphides,  by  means  of 
io4line,  as  follows  : — 
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Mbthod  of  Procedure  :  The  washed  sulphide  of  zinc  or  cadmium  is 
allowed  to  drain  upon  the  filter,  and  then  transferred,  together  with  the  filter,  to 
a  stoppered  flask  containing  800  c.c.  of  water  deprived  of  air  by  boiling  and  the 
passage  of  carbonic  acid  gas.  Tlie  whole  is  well  shaken  to  brei^k  up  the  pre- 
cipitate and  bring  it  into  the  most  finely  divided  condition  possible,  so  that  the 
fiulphide  may  not  be  protected  from  the  action  of  the  iodine  by  separated  sulphur. 
A  moderate  quantity  of  hydrochloric  acid  is  added,  there  being  no  necessity  to 
entirely  dissolve  the  sulphide,  and  then  an  excess  of  iodine  solution  of  known 
strength.  The  residual  free  iodine  is  then  titrated  with  ihiosulphate  without 
loss  of  time.  The  whole  operation,  from  the  transference  of  the  sulphide  to  the 
fiask.  to  the  final  titration,  occupies  about  five  minutes,  and  gives  results  varying 
between  98*8  and  100'2  per  cent.  The  reaction  proceeds  according  to  the 
equation,  ZnS  +  2HC1  +  21 = ZnClj  x  2HI  +  S. 

Cadmium  may  also  be  estimated,  when  existing  as  sulphate  or 
"nitrate,  by  precipitation  as  oxalate,  and  titration  of  the  washed 
precipitate  by  permanganate.  The  details  are  carried  out  precisely 
as  in  the  case  of  estimating  zinc  as  oxalate  (§  84.6). 


CALCIUM. 

Ca  =  40. 

1  c.c.  ^/lo  pennanganate         =  0*0028  gm.  CaO 
,,  „  =  00050  gm.  CaCOg 

.     „  „  =  0*0086  gm.  CaSO^  +  2H2(J 

„  normal  oxalic  acid  =  0*0280  gm.  CaO 

Cryst.  oxalic  acid  y.  0*444        =  CaO 

Double  iron  salt  x  0*07143     =Ca() 

§  52.  Thb  estimation  of  calcium  alkalimetrically  lias  already  been 
given  (§  18),  but  that  method  is  of  limited  application,  unless  calcium 
oxalate,  in  which  form  Ca  is  generally  separated  from  other  bases,  be 
converted  into  carbonate  or  oxide  by  ignition,  and  thus  determined 
with  normal  nitric  acid  and  alkali.  This  and  tlie  following  method  by 
Hem  pel  are  as  exact  in  their  results  as  the  determination  by  weight ; 
and  where  a  series  of  estimations  have  to  be  made,  the  method  is  very 
convenient. 

titration  with  Permanganate.— The  readiness  with  which 
calcium  can  be  separated  as  oxalate  facilitates  the  use  of  this  method, 
so  that  it  can  be  applied  successfully  in  a  great  variety  of  instances. 
It  is  not  necessary  here  to  enter  into  detail  as  to  the  method  of 
precipitation ;  except  to  say,  that  it  may  occur  in  either  ammoniacal 
or  weak  acetic  acid  solution  ;  and  tliat  it  is  absolutely  necessary  to 
remove  all  excess  of  ammonium  oxalate  .from  the  precipitate  by 
washing  with  warm  water  previous  to  titration. 

Method  of  Pkockdurk  :  When  the  clean  precipitate  is  obtained,  a  hole  is 
made  in  the  filter,  and  the  hulk  of  the  precipitate  is  washed  through  the  funnel 
into  a  flask;  the  filter  is  then  treated  ^ith  small  quantities  of  hot  dilute 
sulphuric  acid,  and  again  washed  into  the  flask.  Hydrochloric  acid  in  moderate 
quantity  may  be  safely  used  for  the  solution  of  the  oxalate,  since  there  is 
not  the  danger  of  liberating  free  chlorine  which  exists  in  the  case  of  iron 
(Fleischer,  Tiirirmethode,  p.  76),  but  the  sulphuric  is  better. 
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When  the  precipitate  is  completely  dissolved,  the  solution  is  freely  diluted 
with  water,  and  further  acidified  with  sulphuric  acid,  warmed  to  60°  or  70°,  and 
the  standard  permanganate  cautiously  delivered  into  the  liquid  with  constant 
agitation  until  a  faint  permanent  pink  tinge  occurs,  precisely  as  in  the  case  of 
standardizing  permanganate  with  oxalic  acid  (§  34.2r). 

Procedure  for  Lime  in  Blast  Furnace  Slags  :  PUoe  about  1  gm.  of  the 
very  finely-ground  slag  into  a  beaker,  cover  with  water,  and  boil  gently,  then  add 
gradually  strong  IICl  until  the  whole  is  dissolved,  including  Si0.j.  Dilute  the 
liquid,  nearly  neutralize  with  ammonia,  and  add  a  solution  of  ammonium  acetate. 
The  silica  and  alumina  form  a  flocculent  j>recipitate  which  is  easily  washed  on 
a  filter.     The  filtrate  and  washings  are  concentrated  somewhat,  and  the  CaO 

Srecipitated  with  ammonium  oxalate  and  free  ammonia;  the  precipitate  is 
issolved  as  before  described  in  hot  dilute  sulphuric  acid,  and  titrated  with 
permanganate.  If  much  manganese  is  present,  the  calcium  oxalate. must  be 
re-dissolved  and  re-precipitated  before  the  titration  is  made. 

In  all  cases  where  a  cle«n  oxalate  precipitate  can  be  obtained,  such 
as  mineral  waters,  manures,  etc.,  very  exact  results  are  obtainable ; 
in  fact,  quite  as  accurate  as  by  the  gravimetric  method.  Ample 
testimony  on  this  point  is  given  by  Fresenius,  Mohr,  Hempel, 
and  others. 

Tucker  (Iron,  Nov.  16,  1878)  has  given  the  i-asults  of  many 
experiments  made  by  him  upon  mixtures  of  Ca  with  a])normal 
proportions  of  iron,  magnesia,  alumina,  etc. ;  and  even  here  the 
numbers  obtained  did  not  vary  more  than  2  to  3  per  cent,  from  the 
tnith.  In  the  case  of  large  proportions  of  these  substances  it  will  be 
preferable  to  re-precipitate  the  oxalate,  so  as  to  fr*»e  it  from  adhering 
contaminations  previous  to  titration. 

Indirect  Titration.  -  In  the  case  of  calcium  salts  soluble  in  water 
and  of  tolerably  pure  nature,  the  estimation  by  permanganate  can  be 
made  ])y  adding  to  the  solution  a  measured  excess  of  normal  oxalic 
acid,  neutralizing  with  ammonia  in  slight  excess,  and  heating  to 
boiling,  so  as  to  rapidly  sei>arate  the  precipitate.  The  mixture  is  then 
cooled,  diluted  to  a  measured  volume,  filtered  through  a  dry  filter,  and 
an  aliquot  portion  titratetl  with  permanganate  aft(?r  acidifying  with 
sulphuric  acid  as  usual.  A  gre^it  variety  of  calcium  salts  may  l>o 
converted  into  oxalates  by  a  short  or  long  treatment  with  oxalic  acid 
or  ammonium  oxalate,  including  calcium  sulphate,  pho8i)hate,  tartrate, 
citrate,  etc. 

CEBIUM. 

Ce=UO. 

§  53.  S  TO  LB  A  (Z.  a,  C.  xix.  194)  states  that  the  moist  cerium 
oxalate  may  Ihj  titrated  precisely  as  in  the  case  of  calcium  oxalate  with 
permanganate,  and  with  accurate  results.  No  examples  or  details, 
however,  are  given.  It  is  probable  that  it  is  only  correct  in  the  case 
of  the  pure  substance. 

This  method  has,  however,  been  examined  by  P.  E.  Browning  and 
A.  Lynch  (Avier.  Journ.  Sciencey  viii.  No.  48),  who  prepared  the 
oxalate  from  pure  cerium  chloride  ])y  ammonium  oxalate.  Definite 
volumes  of  the  cerium  solution,  the  exact  strength  of  which  was 
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known,  were  used  for  i)reeipitation  at  a  warm  teinixjratiire,  varying 
from  0*1  to  0*2  gm.  of  CeCl.2,  some  trials  were  made  on  neutral 
volumes  and  some  sliglitly  acid  with  HCl  (in  which  case  alwut  1  gm. 
of  manganous  sulphate  was  used).  The  precipitate,  after  being 
carefully  washed,  was  dissolved  in  about  10  c.c.  of  dilute  hot  H^SO^, 
and  then  made  up  to  about  500  c.c.  with  hot  water  at  about  80°  C. 
when  the  titration  with  permanganate  was  immediately  made.  The 
results  obtained  were,  both  in  the  neutral  and  acid  solutions,  very  near 
the  amounts  of  cerium  taken.  Bunsen's  method,  originated  many 
years  ago,  showed  that  the  oxide  of  cerium  obtained  l)y  ignition  of 
the  oxalate  might  be  estimated  volu metrically  by  dissolving  it  in 
strong  HCl  with  a  few  crystals  of  Kl  in  a  small  sealed  flask,  which 
was  heated  on  a  water-bath  till  the  oxide  was  dissolved  and  the  free 
iodine  liberated.  The  iodine  was  then  titmted  with  thiosulphate  in 
the  usual  way  and  the  amount  of  cerium  calculated  therefrom. 

A  modification  of  this  method  was  adopted  with  satisfactory  results 
by  Browning,  Hanford,  and  Ilall,  as  follows: — 

Method  of  Procedure  :  Weighed  portions  of  the  piu*  cerium  dioxide, 
about  0*1  to  0*15  gin.,  were  placed  in  small  glass-stoppered  bottles  of  about 
100  c.c.  capacity,  together  with  1  gm.  of  potassium  iodide  free  from  iodate  and 
a  few  drops  of  i^Titer  to  dissolve  the  iodide.  A  current  of  COj  was  |>a8sed  into 
the  bottle  for  about  five  minutes  to  expel  the  air,  10  c.c.  of  pure  strong  HCl 
were  added,  the  stopper  inserted,  and  the  bottle  heated  gently  upon  a  steam 
radiator  for  about  one  hour  until  the  dioxide  dissolved  completely  and  the  iodine 
was  set  free.  After  cooling  the  bottle,  to  prevent  loss  of  iodine  upon  removing 
the  stopper,  the  contents  were  carefully  waslied  into  about  400  c.c.  of  ^Titer,  and 
titrated  with  ^/lo  sodium  thiosulphate  to  detennine  the  amount  of  iodine 
liberated  according  to  the  reaction — 

2Ce02  +  HHCl  +  2KI  =  2CeCl3  +  2KC1  +  4H2O  +  U 

A  few  blank  determinations  were  carried  through  in  the  bottles  without  the 
cerium  dioxide  to  determine  the  amount  of  iodine  set  free  under  these  conditions. 
The  amount  obtained  was  uniformly  equal  to  0*04  c.c.  of  the  ^/lo  thiosulphate 
solution,  which  was  taken  as  the  correction  and  applied  to  all  the  determinations. 

Estimation  in  the  Fresenoe  of  other  Rare  Earths.    G.  von 

Knorre  (Z.  a.  C,  1897,  685-688).  This  is  based  on  the  fact  that  the  yellow 
eerie  salts  are  reduced  l)y  hydrogen  peroxide  in  the  presence  of  free  acid  to 
colourless  ceroiis  salts  as  in  the  equation : 

20(804)2  +  H302  =  Ce2(S04)3  +  H2SO4  +  O2. 

The  cold  solution  of  the  eerie  salt  is  mixed  with  an  excess  of  a  dilute  solution  of 
hydrogen  peroxide,  of  which  the  strength  is  known,  and  when  all  colour  has 
disappeared  the  excess  of  peroxide  is  titrated  back  with  permanganate. 

If  the  permanganate  be  standardized  on  iron,  the  amount  of  cerium  present 
may  be  expressed  in  terms  of  iron,  56  parts  of  the  latter  being  equivalent  to  140 
parts  of  cerium.  It  is  advisable  to  use  a  dilute  solution  of  permanganate  (not 
more  than  2  gm.  of  KMn04  per  liter). 

Notwithstanding  Rose's  statement  that  permanganate  is  slowly  decolorized 
by  a  solution  of  cerous  sulphate,  the  author  finds  that  the  end-reaction  can  be 
readily  recognised.  With  a  freshly  prepared  acidified  solution  of  a  eerie  salt  the 
reduction  takes  place  instantaneously,  but  if  the  solution  has  been  exposed  to 
the  air  for  some  time,  as  long  as  fifteen  minutes  may  be  necessary  for  complete 
decolorization.  The  results  obtained,  however,  in  both  cases  are  identical.  By 
boiling  an  old  solution  aft«r  the  addition  of  sulphuric  acid,  and  cooling  before 
adding  the  hydrogen  peroxide,  the  rate  of  reduction  is  accelerated,  and  the 
reaction  takes  place  almost  as  rapidly  as  in  a  freshly  prepared  solution. 
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Either  sulphuric  or  nitric  acid  may  he  used,  but  it  is  essential  that  the 
acidification  shall  take  place  before  the  addition  of  the  hydrogen  peroxide,  since 
otherwise  by-reactions  occur  and  the  results  are  too  high. 

A  method  of  Gibbs  (Z,  a.  C,  1864,  p.  395)  is  modified  by  Job 
{Compt.  Reiul,  1899,  p.  101)  as  follows:— 

A  known  volume  of  the  cerium  solution  is  treated  in  the  cold  with  peroxide 
of  lead,  and  a  lar^  excess  of  concentrated  nitric  acid,  in  order  to  oxidize  any 
cerous  salts  present,  then  the  mixture  is  agitated,  filtered,  and  the  filtrate  titrated 
with  dilute  hydrogen  peroxide.  The  determination  of  cerium  by  this  method 
may  be  carried  out  equally  well  in  presence  of  thorium,  lanthanum,  and 
didymium,  and  should  thus  be  of  great  u.so  in  directly  determining  cerium  in 
the  crude  oxalates  from  monazite  sand. 


GHIiOBINE. 

CI  =  35-45. 

1  c.c.  ^ lio  silver  solution  =  0*003545  gm.  CI. 

=  0-005845  gm.  NaCl. 

§  54.  The  powerful  affinity  existing  between  clilorine  antl  silver  in 
solution,  and  the  ready  precipitation  of  the  resulting  chloride,  seem  to 
have  led  to  the  earliest  important  volumetric  process  in  existence,  viz., 
the  assay  of  silver  by  the  wet  method  of  (Jay  Lussac.  The  details 
of  the  process  are  more  particularly  de8cril)ed  under  the  article  relating 
to  the  assay  of  silver  (§  74) ;  the  determination  of  clilorine  is  just  the 
converse  of  the  jmxiess  there  described,  and  the  same  precautions,  and 
to  a  certain  extent  the  same  apparatus,  are  required. 

The  solutions  required,  however,  are  systematic,  and  for  exactness 
and  convenient  diluti<m  are  of  decinormal  strength  as  de^cribetl  in  §  4^1  • 
In  many  cases  it  is  advi.sable  to  iK)ssej*s  alscj  centinormal  solutions, 
made  by  diluting  100  c.c.  of  ^/^q  solution  to  1  liter. 


1.    Direct  Freoipitation  with  ^  Silver. 

Very  weak  solutions  of  chlorides,  such  as  drinking  waters,  are  not  easily 
examined  for  chlorine  by  direct  precipitation,  unless  they  are  considerably 
concentrat<?d  by  evaporation  previous  to  treatment,  owing  to  the  fact  that,  unless 
a  tolerable  qua  ntity  of  chlonde  can  be  formed,  it  will  not  collect  together  and 
separate  so  as  to  leave  the  liquid  clear  enough  to  tell  on  the  addition  of  fresh 
silver  whether  a  distinct  formation  of  chloride  occurs.  The  best  effects  are 
produced  when  the  mixture  contains  chlorine  equal  to  from  li  to  2  gm.  of  salt 
per  100  c.c.  Should  the  proportion  be  much  leas  than  this,  the  difficulty  of 
precipitation  may  be  overcome  by  adding  a  quantity  of  freshly  precipitated 
chloride,  made  by  mixing  equal  volumes  of  ^I\q  salt  and  silver  solution,  shaking 
vigorously,  pouring  off  the  clear  liquid,  and  adding  the  chloride  to  the  mixture 
under  titration.  The  best  vessel  to  use  for  the  trial  is  a  well-stoppered  round 
white  bottle,  holding  100  to  150  c.c.  and  fitting  into  a  paper  case,  so  as  to  prevent 
access  of  strong  light  during  the  titration.  Supposing,  for  instance,  a  neutral 
solution  of  potassium  chloride  requires  titration,  20  or  30  c.c.  are  measured  into 
the  shaking  bottle,  a  few  drops  of  strong  nitric  acid  added  (free  acid  must 
always  be  present  in  direct  precipitation),  and  a  round  number  of  c.c.  of  silver 
solution  added  from  the  burette.  The  bottle  is  placed  in  its  case,  or  may  be 
enveloped  in  a  dark  cloth  and  vigorously  shaken  for  half  a  minute,  then  un- 
covered, and  gently  tapped  upon  a  table  or  book,  so  as  to  start  the  chloride 
downward  from  the  surface  of   the  liquid  where  it  often  swims.     A  quick 
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clarification  indicates  excess  of  silver.  The  nearer  the  point  of  exact  counter- 
balance the  more  difficult  to  obtain  a  clear  solution  by  shaking,  but  a  little 
practice  soon  accustoms  the  eye  to  distinguish  the  faintest  precipitate. 

In  case  of  overstepping  the  lialance  in  any  trial,  it  is  only  necessary 
to  add  to  the  liquid  under  titration  a  definite  volume  of  ^/lo  salt 
solution,  and  finish  the  titration  in  the  same  liquid,  deducting,  of 
course,  the  same  number  of  c.c.  of  silver  as  has  been  added  of  salt 
solution. 

Fuller  details  and  precautions  are  given  in  §  74. 

2.  Precipitation  by  ^  Silver  in  Neutral  Solution  with 

Chromate  Indicator  (see  §  41,  2  b). 

3.  Titration  with  ^  Silver  and  Thiocyanate  (see  §  43). 

This  method  gives  very  accurate  results  if,  after  the  chlorine  is 
precipitated  with  excess  of  ^'/jo  silver,  the  silver  chloride  is  filtered 
off,  washed  well,  and  the  filtrate  and  washings  titrated  with  ''/lo 
thiocyanate  for  the  excess  of  silver. 

Method  of  Pbocedure  :  The  material  to  be  titrated,  such  as  water  residues, 
beer  ash,  or  other  substances  in  which  the  chlorine  is  to  be  estimated  being 
brought  into  clear  solution,  a  known  volume  of  ^/lo  silver  in  excess  is  added, 
having  previously  acidified  the  mixture  with  nitric  acid;  the  mixture  is  well 
stirred,  and  the  supernatant  liquid  filtered  off  through  a  small  filter,  the 
chloride  well  washed,  and  to  the  filtrate  and  washings,  5  c.c.  of  ferric  indicator 
(§  43.3)  and  the  same  volume  of  nitric  acid  (§  43.4)  are  added.  The  flask  is 
then  brought  under  the  thiocyanate  burette,  and  the  solution  delivered  in  with 
a  constant  gentle  movement  of  the  liquid  until  a  permanent  light-brown  colour 
appears.  If  the  silver  chloride  is  not  removed  from  the  liquid  previous  to 
titration  a  serious  error  may  occur,  owing  to  the  read^'  solubility  of  the  chloride 
in  the  thiocyanate  solution. 

4.    By  Distillation  and  Titration  with  Thiosulphate 

or  Arsenite. 

In  cases  where  cldorine  is  evolved  direct  in  the  gaseous  form  or 
as  the  representative  of  some  other  body  (see  §  39),  a  very  useful 
absorption  apparatus  is  shown  in  fig.  39.  The  little  lljisk  a  is  used  as 
a  distilling  vessel,  connected  with  the  bulb  tubes  by  an  india-rub])er 
joint;*  the  stoj>j)ers  for  the  tubes  are  also  of  the  same  material,  the 
whole  of  which  should  l)e  cleansed  from  sulphur  by  boiling  in  weak 
alkali.  A  fragment  of  solid  magncsite  may  with  advantage  be  added 
to  the  acid  liquid  in  the  distilling  flask  ;  in  all  other  respects  the 
process  is  conducted  exactly  as  is  <lescribed  in  §  39. 

This  apparatus  is  equally  well  adapted  to  the  absorption  of  ammonia 
or  other  gases,  and  possesses  the  great  recommendation  that  there  is 
scarcely  a  possibility  of  regurgitation. 

Mohr's  apparatus  (fig.  40)  is  also  serviceable  for  this  method. 

*  India*rubber  and  especially  yuJcanized  rublter  is  open  to  some  objection  in  these  analyses 
and  apparatus  is  now  readily  to  be  had  with  glass  connections. 
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GHIiORINE   GAS  AND   BLEACHING   COMPOUNDS. 

1  c.c.  ^/iQ  arsenioiiH  or  tlii()sul])lmte  solution  ■=  0*003545  gm.  CI. 
1  liter  of  chlorine  at  0'  C,  and  760  m.m.,  weighs  3*167  gm. 

§  55.  CuiiORiNE  water  may  Ixj  titrated  with  thiosiilphate  hy 
adding  a  measured  quantity  of  it  to  a  solution  of  jK)tassium  i(Hlide,  then 
delivering  the  thiosulphati'  from  a  hurette  till  the  colour  of  the  free 
io<iine  has  disapjHiared  ;  or  hy  using  an  excess  of  the  reducing  agent, 
then  starch,  and  titrating  residually  with  ^/iq  iotline.  When  arsenious 
solution  is  used  for  titration,  the  chlorine  watc^r  is  delivere<l  into 
a  solution  of  sodium  carhonate,  excess  of  arsenious  solution  added,  then 
starch  and  ^/^q  iodine  till  the  colour  appears,  or  iodized  star(di-i)ai)er 
may  he  used. 

Bleaching  Powder.  —The  chief  suhstance  of  inqwrtanco  among 
the  comi>ounds  of  hyi>ochlorous  acid  is  the  so-called  chloride  of  lime. 
Tlie  estimation  of  the  free  chlorine  contained  in  it  presents  no  difficulty 
when  arsenious  solution  is  used  for  titration. 

Commercial  bleaching  powder  consists  of  a  mixture  in  variable 
projKjrtions  of  calcium  hyiMXjhlorite  (the  true  bleaching  agent),  ailcium 
chlorid«»,  and  hydrate ;  and  in  some  cases  th(?  prei>amtion  contains 
considerable  quantitie>s  of  chlorate,  due  to  imperfect  manufactun^  or 
age.  It  is  generally  valued  and  sold  in  this  country  ])y  its  i>ercentage 
of  chlorine.  In  France  it  is  sold  by  degrees  calculated  from  the  volume 
of  gaseous  chlorine  :  lOO**  French  =  31*78  per  cent.  English. 

1.    Titration  by  Arsenious  Solution  (Penot). 

The  first  thing  to  Ik?  <lone  in  determining  the  value  of  a  sample  of 
bleaching  powder  is  to  bring  it  into  solution,  which  is  \mit  managed 
as  follows  : —  ^ 

The  Hample  is  well  and  quickly  mixed,  and  7*17  ipn.  weighed,  put  into 
a  mortar,  a  little  water  added,  and  the  mixture  rubbed  to  a  nmootli  cream ;  more 
water  is  then  stirred  in  with  the  pestle,  allowed  to  settle  a  little  while,  then 
poured  off  into  a  liter  flask  ;  the  se<liment  a^in  rubbed  with  water,  poured  off, 
and  so  on  repeatedly,  until  the  whole  of  the  chloride  has  ])een  conveyed  into  the 
flask  without  loss,  and  the  mortar  washed  (piite  clean.  The  flask  is  then  filled  to 
the  mark  with  water,  well  shaken,  and  50  c.c.  of  the  milky  liquid  taken  out  with 
a  pij>ette,  emptied  into  a  beaker,  and  the  ^/lo  arsenious  solution  delivered  in 
from  a  burette  until  a  drop  of  the  mixture  taken  out  with  a  ^lass  rod,  and 
broujfht  in  contact  with  the  prepared  starch-paper  (§  40)  gives  no  blue  stain. 

Tlie  starch-paper  may  be  di^fiensed  with  bv  adding  arsenious  solution  in  excess, 
then  starch,  and  titrating  residually  with  ^fio  iodine  till  the  blue  colour  appears. 
The  number  of  c.c.  of  arsenic  used  shows  direct  percentage  of  availal>le  chlorine. 

2.    Bunsen's  Method. 

10  or  2()  c.c.  of  the  chloride  of  lime  solution,  prepared  as  above,  are  measured 
into  a  l)eaker,  and  an  excess  of  solution  of  iK)tas«ium  iodide  added  ;  the  mixture 
is  then  diluted  somewhat,  acidified  with  acetic  acid,  and  the  liberated  iodine 
titrated  with  ^/lo  thiosulphate  and  starch;  1  eq.  iodine  so  found  represents 
1  eq.  chlorine. 

Th(?  presence  of  clilorate  does  iu)t  affect  the  result  when  acetic  acid 
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is  used.  If  it  be  desired  to  estimate  the  amount  of  chlorate  in  bleach, 
the  following  method  has  been  devised  by  R.  Fresenius.  It  depends 
on  the  fact  that  hypochlorites  are  deconii)osed  by  lead  acetate  with 
formation  of  lead  peroxide,  wliilst  the  chlorate  which  may  l^e  present 
is  unaffected. 

Method  of  Proceduhk  :  20  gin.  of  bleaching  powder  are  ground  up  with 
water  in  repeated  quantities  and  made  up  to  a  liter;  after  settling,  50  c.c. 
=  1  gm.  of  bleach  are  filtered  off  through  a  dry  filter,  put  into  a  flask,  and  mixed 
with  a  solution  of  lead  acetate  in  some  excess.  There  is  formed  at  first  a  white 
precipitate  of  lead  chloride  and  lead  hydroxide;  these  being  acted  on  by  the 
hypochlorite  become  first  yellow,  then  brown,  with  liberation  of  chlorine  and 
passing  into  lead  peroxide.  After  the  precipitate  has  settled,  more  lead  solution 
is  added,  to  be  sure  that  the  conversion  is  complete.  The  mixture  is  allowed  to 
stand  in  the  open  flask,  with  frequent  shaking,  till  all  smell  of  chlorine  has 
disapi)eared,  which  occurs  in  from  eight  to  ten  hours.  The  precipitate  is  then 
filtered  off  and  washed  till  the  wash-water  is  free  from  acid.  Tlie  washings  are 
evaporated  somewhat,  added  to  the  filtrate,  and  the  whole  mixed  \nth  sodium 
carbonate  in  slight  excess,  to  precipitate  the  lead  and  lime  as  carbonates — these 
are  well  washed,  the  filtrate  and  washings  evaporated  nearly  to  dryness,  then 
transferred  to  either  aFreseniusorMohr  iipparatus  (fig.  39  or  40)  and  distilled 
with  HCl  as  directed  in  §  39.     1  eq.  :  I^ClaOj. 

Mixtures   of   Chlorides,   Hypochlorites,   and    Chlorites.— 

It  is  known  that  chlorine  acting  upon  alkaline  and  alkaline-earthy 
hydrates  gives  rise  to  clilorides,  and  at  the  same  time  to  chlorates,  or  to 
hy|)ochlorates,  according  as  the  temperature  and  the  concentration  ai*e 
higher  or  lower.  In  average  conditions  the  three  kinds  of  salts  are 
formed  simultaneously. 

A  mixture  of  the  same  salts  is  produced  if  solutions  of  sodium 
chloride  are  submitted  to  electrolysis,  accoi-ding  to  the  processes 
recently  used  for  the  manufacture  of  free  chlorine  and  of  caustic  soda, 
or  of  chlorates,  or  hypochlorites. 

In  these  various  cases  it  is  of  grea^  industrial  importance  to  determine 
easily  the  proportion  of  each  of  the  salts  present. 

For  the  analysis  of  such  a  mixture  of  salts,  the  subjoined  method  is 
recommended  as  at  once  expeditious  and  accurate.  All  the  determina- 
tions are  performed  successively  upon  the  same  solution  (A.  Carnot, 
Compt.  Rend,  cxxii.  449). 

Method  of  Prockdubk  :  1.  The  mixture  of  hypochlorite,  chlorat/C,  and 
chloride  is  poured  into  a  beaker.  There  is  then  run  into  it  from  a  burette  a 
standard  solution  of  alkaline  arsenite  until  the  hypochlorite  is  completely  reduced. 
To  find  the  exact  moment  when  the  reduction  is  completed,  a  drop  of  the  liquid 
is  placed  upon  a  porcelain  plate  in  contact  with  a  drop  of  solution  of  potassium 
iodide  and  starch. 

On  the  mixture  of  the  two  drops  there  appears  a  blue  colour  as  long  as  there 
remains  any  hypochlorite  not  reduced.  As  soon  as  the  mixture  ceases  to  become 
coloured,  the  volume  of  the  arsenite  liquid  is  noted,  and  the  proportion  of 
hypochlorite  or  h^'pochlorous  acid  which  has  transformed  it  into  arsenic  acid 
is  obta,ined ;  or,  consequently,  that  of  the  corresponding  chlorine. 

AsjOs  +  CaCUOg = AsjO^  +  CaClj. 
or 

AsjOa  +  2NaC10  -- AhjOs  +  2NaCl. 

2.  The  liquid  (which  now  contains  merely  chlorate  and  chloride)  is  slightly 
acidified  with  sulphuric  acid,  and  a  quantity  of  ammonium -ferrous  sulphate 
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added,  at  least  twenty  times  of  that  of  the  nuppoHed  chlorates.  Heat  to  about 
100°,  adding  in  small  successive  quantities  5  c.c.  of  sulphuric  acid  diluted  with 
15  c.c.  of  water.  It  is  best  to  use  a  tap-funnel,  letting  the  acid  fall  in  drop  by 
drop.  Aft«r  having  stoppered  the  vessel,  to  avoid  contact  of  air,  it  is  allowed 
to  cool  for  a  short  time,  and  the  excess  of  ferrous  salt  is  then  titrated  with 
permanganate.  As  the  quantity  of  ferrous  salt  which  was  introduced  is  known, 
by  difference  the  quantity  which  has  been  peroxidized  at  the  expense  of  the 
chlorate  reduced  to  the  state  of  chloride  is  found. 

NaClOj  +  6FeO  =«  NaCl  +  FejOs. 

It  is  thus  easy  to  calculate  the  proportion  of  chlorate  or  of  chloric  acid,  or  the 
corresponding  quantity  of  chlorine. 

3.  The  total  chlorine,  wliich  is  now  entirely  present  in  the  state  of  chloride, 
is  determined  as  follows: — The  rose  tint  produced  by  the  permanganate  is 
removed  by  adding  a  trace  of  ferrous  sulphate.  Then  add  a  measured  volume  of 
standard  silver  nitrate,  more  than  enough  to  precipitate  all  the  chlorine,  and 
determine  the  excess  of  the  silver  salt  by  means  of  standard  thiocyanate  (§  43). 
The  ferric  salt  previously  formed  by  the  peroxidation  of  the  ferrous  salt  serves 
as  an  indicator,  by  producing  a  permanent  red  colouration  as  soon  as  there  is 
no  more  silver  salt  to  precipitate.  The  arsenic  acid  produced  in  the  first 
operation  does  not  interfere  in  the  least. 

In  order  to  avoid  the  use  of  too  large  a  quantity  of  silver  nitrate,  which 
would  be  necessary  on  account  of  the  large  projwrtion  of  chlorine  to  be 
precipitated,  an  aliquot  j»art  of  the  solution  may  be  taken. 

The  chlorine  found  in  the  state  of  a  chloride  in  the  original  liquid  is  easily 
calculated  by  deducting  from  the  total  chlorine  just  determined  the  two 
quantities  already  found  in  the  state  of  hypochlorite  and  of  chlorate. 

The  three  operations  succeed  each  other  without  interruption,  and  without 
separate  preparation,  and  are  completed  in  a  short  time. 

In  a  number  of  experiments  with  mixtures,  the  discrejKincies  found  between 
the  experimental  results  and  the  calculated  numbers  rarely  reached  1  m.gm. 
when  operating  upon  from  250  to  500  m.gm. 

Mixtures  of  Chlorides,  Chlorates,  and  Ferchlorates.— A.  C a r  no  t 

{Compt.  Rend,  cxxii.  452).  Ferchlorates  are  found  with  chlorides  and  chlorates 
in  the  products  of  the  calcination  of  chlorates.  H^-pochlorit^s  are  only  produced 
in  the  cold  or  by  wet  methods ;  but  in  such  cases  no  perchlorates  are  formed,  nor 
can  the  latter  be  reduced  by  the  usual  reagents  in  solution,  dry  heat  being 
necessary  to  accomplish  this  result. 

In  analyzing  such  mixtures,  the  chlorides  and  chlorates  are  estimated  first,  by 
titrating  one  portion  of  the  solution  for  the  chlorides  by  Vol  hard's  method, 
and  the  other  i)art  for  the  total  chlorine  after  reduction  of  the  chlorates  by  the 
aid  of  ferrous  sulphate;  or,  an  alternative  method,  both  titrations  can  be 
performed  on  the  same  liquid,  the  chlorides  first— with  sodium  arsenate  as 
indicator  in  preference  to  potassium  chromate,  which  would  interfere  with 
the  subsequent  reaction— and  then  the  total  chlorine  after  reduction  of  the 
chlorates. 

The  perchlorates  are  determined  by  heating  the  jwwdered  substance,  mixed 
with  four  or  five  times  its  weight  of  purified  ([uartz-sand,  in  a  platinum  crucible, 
the  mixture  being  covered  by  a  layer  of  the  same  sand  1  or  2  cm.  deep.  The 
bottom  of  the  crucible  is  kept  at  a  red  heat  for  about  twenty  to  thirty  minutes, 
and  this  is  sufficient  to  completely  reduce  the*  chlorates  and  jjerchlorates, 
volatilization  of  the  chloride  being  prevented  by  the  condensing  effect  of  the 
upper  layer  of  sand.  An  aqueous  solution  is  then  made,  the  total  chlorides 
titrated  as  before,  and  the  perchlorate  estimated  by  difference. 

Estimation   of  Perchlorate  in  Chili  Salpetre.— Ahrens  and 

Hett  {Chem.  Centr.,  1898,  ii.  658).  20  gm.  of  the  powdered  sample  are 
introduced  into  a  flat  200  c.c.  platinum  dish  moistened  with  2-3  c.c  of  cold 
saturated  caustic  soda,  1  gm.  of  pure  manganese  dioxide  added,  and  the  whole 
evaporated  to  dryness ;  the  dish  is  then  covered  and  heated  to  redness.     When 
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cold,  the  fused  mass  is  treated  with  100  c.c.  of  hot  water,  allowed  to  cool,  and 
then  made  up  to  250  c.c. ;  50  c.c.  of  the  filtrate  are  acidified  with  10-15  c.c.  of 
nitric  acid  of  sp.  grr=l'20,  and  a  solution  of  permanganate  is  added  drop  by- 
drop  until  the  colour  is  permanent  for  a  minute,  showing  that  all  the 
nitrous  acid  has  been  oxidized.  The  chlorine  is  then  estimated  byVolhard's 
process,  and  the  difference  between  the  amounts  of  chlorine  found  before  and 
after  fusion  is  calculated  into  perchlorate.  Iodides  present  in  the  sample  do  not 
interfere,  as  they  are  oxidized  to  iodates  by  the  permanganate. 

The  lodometrio  Estimation  of  Chloric  and  Nitric  Acids.— 
The  following  methods  by  McGowan  (J.  C.  S.  Ixix.  530  and  J,  C,  S, 
Ixi.  87)  depend  on  the  principle  that,  when  a  fairly  concentrated 
solution  of  a  nitrate  or  cldorate  is  warmed  with  an  excess  of  pure, 
strong  hydrochloric  acid,  a  nitrate  is  completely  decomposed,  and  the 
production  of  nitrosyl  chloride  and  clilorine  is  quantitative,  the 
reaction  Ixjing 

HNO3  +  3HC1  =  NOCl  +  CI2  +  2H2O. 

If  the  operation  is  conducted  in  an  atmosphere  of  carbonic  acid,  and 
the  escaping  gases  are  passed  through  a  solution  of  potassium  iodide, 
an  amount  of  iodine  is  liberated  exactly  equivalent  to  the  whole  of  the 
chlorine  present  (free  and  combined),  nitric  oxide  escaping.  1  mol.  of 
nitric  acid  thus  yields  3  atoms  of  chlorine  or  iodine.  The  iodine  can 
then  be  titrated  in  the  usual  manner  with  thiosulphate.  With 
chlorates  only  chlorine  is  evolved.  De  Koninck  and  Nihoul 
(Zeit.  filr  amjew,  Chern,  August  15,  1890)  give  details  of  a  process 
depending  upon  the  same  principle. 

Method  of  Pboceduke  for  Nitrates  :  It  is,  of  course,  absolutely  essential 
that  air  should  be  completely  excluded  from  the  apparatus  as,  if  any  were 
present,  the  escaping  nitric  oxide  would  be  re-oxidized  to  nitrogen  trioxide  or 
tetroxide,  and  this  would  in  its  turn  liberate  a  further  quantity  of  iodine  from 
the  iodide  solution. 

The  apparatus  required  is  very  simple,  and  can  readily  be  made  by  any 
one  moderately  expert  at  ^lass-blowing.  The  main  point  to  be  attended  to 
is  to  have  no  corks  or  rubber  stoppers,  etc.,  for  the  escaping  chlorine  to  act 
upon.  Fig.  42  is  a  sketch  of  the  apparatus :  the  condensing  arrangement  for 
the  chlorine  does  its  work  perfectly,  and  may  therefore  be  used  with 
advantage,  not  only  for  this,  but  also  for  other  similar  methods  in  which 
iodine  is  set  free.  The  measurements  given  are  those  of  the  apparatus  as 
used  by  the  author. 

^  is  a  small,  round-bottomed  flask,  into  the  neck  of  which  a  glass  stopper,  x, 
is  accurately  ground  (inith  fine  emery  and  oil).  The  capacity  of  the  bulb  is 
about  46  c.c,  and  the  lougth  of  the  neck,  from  x  to  y,  90  m.m.  The  first 
condenser  is  a  simple  tube,  slightly  enlarged  at  the  foot  into  two  small  bulbs. 
The  length  from  a  to  b  is  3U0  m.m,,  from  5  to  c  180  num.,  and  from  e  \o  f 
30  m.m.  The  capacity  of  the  bulb  h  is  25  c.c,  and  the  total  capacity  of  the  two 
bulbs  aud  tube,  up  to  the  top  of  C,  41  c.c  This  condenser  is  immersed,  up  to 
the  level  of  r,  in  a  beaker  of  water.  D  is  a  Geissler  bulb  apparatus,  and 
E  a  chloride  of  calcium  tube,  filled  with  broken  glass,  which  acts  as  a  tower 
^  is  a  small  funnel,  attached  by  rubber  and  lip  to  the  branch  tube  h. 
Between  the  tube  *  and  the  wash- bottle  for  the  carbonic  acid  is  placed  a 
short  piece  of  gla.ss  tubing,  *,  containing  a  strip  of  filter-paper,  slightly 
moistened  with  iodide  of  starch  solution.  This  tube  *  is  really  hardly 
necessary,  as  no  chlorine  escapes  backwards  if  a  moderate  current  of  carbonic 
acid  is  kept  passing,  but  it  serves  as  a  check.  The  joints  p  and  q  are  of 
narrow  rubber  tubing.  The  joint  o  is  made  by  grinding  one  tube  into  the 
other,    k  is  the  outlet  tube. 
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The  operation  is  performed  in  the  following  manner:  — The  evolution  flaftk  i» 
washed  and  thoroughly  dried,  and  the  nitrate  (say  about  0*25  gm.  of  potassium 
nitrate)  is  dropped  into  it  from  the  weighing  tube.  1  to  2  c.c.  of  water  are  now 
added,  and  the  bulb  is  gently  warmed,  so  as  to  bring  the  nitrate  into  solution, 
after  which  the  stopper  of  the  flask  is  firmly  inserted  into  it.  About  15  c.o.,  or 
so,  of  a  solution  of  potassium  iodide  (I  in  4)  are  run  into  the  first  condensing 
tube,  any  iodide  adhering  to  the  upper  portion  of  the  tube  being  washed  down 
with  a  little  water,  and  5  c.c.  of  the  same  solution,  mixed  with  8  to  10  o.c.  of 
water,  are  sucked  into  the  Geissler  bulbs,  whilst  the  glass  in  tower  E  is  also 
thoroughly  moistened  with  the  iodide.  The  Geissler  bulbs  should  be  so 
arranged  that  gas  only  bubbles  through  the  last  of  them,  the  liquid  in  the 
others  remaining  quiescent. 


..^^^ 


Fig.  42. 

All  the  joints  having  been  made  tight,  the  CO3  is  turned  on  briskly,  and 
passed  through  the  apparatus  until  a  small  tubeful  collected  at  /,  over  caustic 
potash  solution,  shows  that  no  appreciable  amount  of  air  is  left  in  it.  The  small 
outlet  tube  /  is  now  replaced  by  a  chloride  of  calcium  tube,  filled  with  broken 
glass  which  has  been  moistened  with  the  above  iodide  solution,  and  closed  by 
a  cork  through  which  an  outlet  tube  passes,  the  object  of  this  "  trap  "  tube  being 
to  prevent  any  air  getting  back  into  the  apparatus ;  and  the  brisk  current  of 
COj  is  continued  for  a  minute  or  two  longer,  so  as  to  practically  expel  all  the  air 
from  this  last  tube.  The  stream  of  gas  is  now  stopped  for  an  instant,  and  about 
15  c.c.  of  pure  concentrated  hydrochloric  acid,  free  from  chlorine,  run  into  A 
through  the  funnel  g  (into  the  tube  of  which  it  is  well  to  have  run  a  few  drops 
of  water  before  beginning  to  expel  the  air  from  the  apparatus),  and  A  is  shaken 
so  as  to  mix  its  contents  thoroughly.  A  slow  current  of  COj  is  now  again 
turned  on  (1  to  2  bubbles  through  the  wash-bottle  per  second),  and  A  is  gently 
wanned  over  a  burner.  It  is  a  distinct  advantage  that  the  reaction  does  not 
begin  until  the  mixed  solutions  are  warmed,  when  the  liquid  becomes  oran^- 
coloured,  the  colour  again  disappearing  after  the  nitrosyl  chloride  and  chlonne 
have  been  expelled.  The  warming  should  be  very  gentle  at  first,  in  order  to 
make  sure  of  the  conversion  of  all  the  nitric  acid,  and  also  because  the  first 
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escaping  vapours  are  relatively  very  rich  in  chlorine ;  after  which  the  licjuid  in 
A  is  briskly  boiled.  A  very  little  practice  enables  the  operator  to  judge  as  to  the 
proper  rate  of  wanning.  When  the  volume  of  liquid  in  A  has  been  reduced  to 
about  7  c.c,  or  so  (by  which  time  it  is  again  colourless),  the  stream  of  COg  is 
slightly  quickened,  and  the  apparatus  allowed  to  cool  down  a  little.  The  burner 
is  now  set  aside  for  a  few  minutes,  and  2  c.c,  or  so,  more  of  hydrochloric  acid, 
previously  wanned  in  a  test-tube,  nrn  in  gently  through  g ;  there  is  no  fe  ir 
either  of  the  iodide  solution  running  back,  or  of  au3'  bubbles  of  air  escaping 
through  y,  if  this  is  done  carefully.  This  is  a  ])recautionary  measure,  in  case  a 
trace  of  the  liberated  chlorine  might  have  lodged  in  the  comparatively  cool 
liquid  in  tube  h.  The  CO^  is  once  more  turned  on  slowly,  and  the  liquid 
in  ^  is  boiled  again  until  it  is  reduced  to  about  5  c.c.  It  is  now  only 
necessary  to  allow  the  apparatus  to  cool  down,  passing  CO^  all  the  tima, 
after  which  the  contents  of  the  condensers  are  transferred  to  a  flask  and 
titrated  with  thiosulphate.  At  the  end  of  a  properly  conducted  experiment,  the 
glass  in  the  upper  part  of  tower  E  should  be  quite^  colourless,  and  there  should 
only  be  a  mere  trace  of  iodine  showing  in  the  lower  part  of  the  tower,  while  the 
liquid  in  the  last  bulb  of  the  Geissler  apparatus  ought  to  be  only  pale  yellow. 
During  the  operation  the  stopper  of  A  and  the  various  joints  can  be  tested  for 
tightness  from  time  to  time  by  means  of  a  piece  of  iodide  of  starch  paper,  and, 
before  disjointing,  it  is  well  to  test  the  escaping  gas  (say,  at  m)  in  the  same  way, 
to  make  sure  that  all  nitric  oxide  has  been  thoroughly  expelled. 

Example:  0*2627  gm.  of  pure  KNO3  was  taken.  The  liberated  iodine 
required  38'56  c.c.  of  thiosulphate  (of  which  I  c.c.  =0006805  gm.  KNOj)  for 
conversion.    This  gave  0*2624  gm.  nitrate  found,  or  99*89  per  cent. 

Method  of  Peocedure  for  Chlorates  :  The  api)aratus  employed  is  the 
same  as  for  nitrates,  but  since  it  is  unnecessary  in  this  estimation  to  previously 
expel  the  air  present  by  a  current  of  CO2,  those  tubes  which  •  come  after  the 
tower  E  are  dispensed  with.  The  details  of  the  operation  are  also  practically 
the  same  as  in  the  case  of  a  nitrate,  only  simpler.  Comparatively  dilute  hydro- 
chloric acid  may  be  employed,  and  the  CO^  is  required  merely  to  ensure  a 
regular  passage  of  the  vapours  through  the  iodine  solution,  and  to  prevent  any 
chlorine  escaping  backwards.  This  is  tested,  as  before,  by  the  small  piece  of 
iodide  of  starch  paper  in  tube  «,  which  should  be  so  placed  as  never  to  get  warm. 

The  chlorate  is  weighed  out  into  the  dry  evolution  flask  A^  then  dissolved  in  8 
to  10  c.c.  of  water,  and,  after  all  the  necessarj'  connections  have  been  made,  8  to 
10  c.c.  of  pure  concentrated  hydrochloric  acid  are  nin  in  through  the  funnel  g. 
Since  the  reaction  begins  in  the  cold,  the  COj  must  be  turned  on  immediately, 
and  kept  passing  at  the  rate  of  about  four  bubbles  |)er  second.  Care  should  be 
taken  to  heat  very  gently  at  first,  until  the  bulk  of  the  chlorine  has  come  over, 
after  which  the  lamp  flame  may  be  gradually  turned  up  and  the  liquid  boiled, 
exactly  as  in  the  case  of  the  nitrate ;  this  ensures  that  no  chlorine  escapes  back- 
wards. And,  as  before,  after  all  the  chlorine  has  been  ap])arently  driven  out,  and 
the  solution  has  become  colourless,  a  second  quantity  of  warm  hydrochloric  acid 
(1  in  2)  is  run  in,  and  the  boiling  repeated  for  a  few  minutes. 

Chlorates,  lodates,  and  Bromates. 

ClgOr,  =  1 50-74.  I2O5  =  333.  Br^O^  =  239*5.  The  compounds  of 
cliloric,  iodic,  and  bromic  anhydrides  may  ail  be  determined  by  distilla- 
tion or  digestion  with  excess  of  hydrochloric  acid  ;  with  chlorates  the 
quantity  of  acid  must  be  considerably  in  excess. 

In  each  case  1  eq.  of  the  respective  anhydrides  taken  as  monobasic 
or  their  compounds,  lil)erat^s  6  eq.  of  chlorine,  and  consequently  6  eq. 
of  iodine  when  decomposed  in  the  digestion  flask.  In  the  case  of 
distillation,  however,  iodic  and  bromic  acids  only  set  free  4  eq.  iodine, 
while  iodous  and  bromous  chlorides  remain  in  the  retort.  In  both 
these  cases  iligestion  is  preferable  to  distillation. 
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Example  :  0*2043  gm.  pure  potassium  chlorate,  equal  to  the  sixth  part  of 
t^hvTs  e<l-  was  decomposed  by  digestion  with  pot  issium  iodide  and  strong  hydro- 
chloric acid  in  the  bottle  shown  in  fig.  41.  After  the  reaction  was  complete,  and 
the  bottle  cold,  the  stopper  was  removed,  and  the  contents  ^^TLcthed  out  into  a 
beaker,  starch  added,  and  103  c.c.  ^Jio  thiosulphate  delivered  in  from  the 
burette ;  then  again  232  c  c.  of  ^/loo  iodine  solution,  to  reproduce  the  blue 
colour ;  this  latter  was  therefore  equal  to  2*32  c.c.  ''/lo  iodine,  which  deducted 
from  the  103  c.c.  thiosulphate  gave  100*68  c.c,  which  multiplied  by  the  factor 
0002043,  gave  02056  gm..  instead  of  0*2043  gm. 

CHBOMIUM. 

Cr=52*l. 

1.    Beduotion  by  Iron. 

§  56.  The  estimation  of  chroniatei?  is  very  simply  and  successfully 
performed  by  the  aid  of  ferrous  sulphate,  l)eing  the  converse  of  the 
process  devised  ]>y  Penny  for  the  estimation  of  iron  (see  §  37). 

Method  of  Proceduke:  A  very  small  beaker  or  other  convenient  vessel  is 
partly  or  wholly  filled,  as  may  be  requisite,  with  perfeirtly  dry  and  granular  double 
sulphate  of  iron  and  ammonia ;  the  exact  weight  then  taken  and  noted.  The  chro- 
mium com])ound  is  brought  into  solution,  not  too  dilute,  acidified  with  sulphuric 
acid,  and  small  quantities  of  the  iron  salt  added  from  time  to  time  ^ith  a  dry  spoon, 
taking  care  tliat  none  is  spilled,  and  stirring  with  a  glass  rod,  until  the  mixture 
becomes  green,  and  the  iron  is  in  excess,  best  known  by  a  small  drop  being 
brought  in  contact  with  a  drop  of  potissium  ferricyanide,  if  a  blue  colour 
appears  at  the  point  of  contact,  the  iron  is  in  excess.  It  is  necessary  to  estimate 
this  excess,  which  is  mast  conveniently  done  by  ^/lo  bichromate  being  added 
until  the  blue  colour  produced  by  contact  with  the  indicator  disappears.  The 
vessel  containing  the  iron  salt  is  again  weighed,  the  loss  noted ;  the  quantity  of 
the  salt  represented  by  the  ^/lo  bichromate  deducted  from  it,  and  the  remainder 
multiplied  by  the  factor  required  by  the  substance  sought.  A  freshly  made 
standard  solution  of  iron  salt,  well  acidified  with  sulphuric  acid,  may  be  used  in 
place  of  the  dry  salt. 

Example  :  0*5  gm.  ])ure  potassium  bichromate  was  taken  for  analysis,  and  to 
its  acid  solution  4*15  gm.  double  iron  salt  added.  3*3  c.c'  of  ic/io  bichromate 
were  required  to  oxidize  the  excess  of  iron  salt ;  it  ^tis  found  that  0*7  gm.  of  the 
salt  =17*85  c.c.  bichromate,  consequently  3*3  c.c.  of  the  latter  were  equal  to 
0*12985  gm.  iron  salt ;  this  deducted  from  the  quantity  originally  used  left 
4*02015  gm.,  which  multiplied  by  0*1255  gave  0*504  gm.  instead  of  0*5  gm. 

In  the  case  of  lead  ehromate  l>eing  estimated  in  this  way,  it  is  best 
to  mix  both  the  ehromate  and  the  iron  salt  together  in  a  mortar, 
rubbing  them  to  powder,  adding  hydrochloric  acid,  stirring  well 
together,  then  diluting  with  water  and  titrating  as  before.  Where 
pure  double  iron  salt  is  not  at  liand,  a  solution  of  iron  wire  in 
sulphuric  acid,  freshly  made,  and  of  ascertained  strength,  may  Ik;  used. 

2.    Estimation  of  Chromates  by  Distillation  with 

Hydroohlorio  Aoid. 

When  chromates  are  boiled  with  an  excess  of  strong  hydrochloric 
acid  in  one  of  the  apimratus  (fig.  39  or  40),  every  1  aq.  of  chromic  acid 
liberates  3  eq.  chlorine.  For  instance,  with  potassium  bichromate  the 
reaction  may  be  expressed  as  follows — 

K^Cr^O;  +  UliCl  =  2KC1 4-  Cr^CI^  +  7H.,( )  +  6Cl. 

X  2 
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If  the  liberated  chlorine  is  conducted  into  a  solution  of  potassium 
iodide,  3  eq.  of  iodine  are  set  free,  and  can  be  estimated  by  ^/lo 
arsenite  or  thiosulphate.  3  eq.  of  iodine  so  obtained  =  381*5  represent 
1  eq.  chromic  acid  =  100*40.  The  same  decom]>osition  takes  place  by 
mere  digestion,  as  described  in  §  39. 

3.    Chrome  Iron  Ore,  Steel,  etc. 

The  ore  varies  in  (quality,  some  sam])les  being  very  rich,  while 
others  are  very  poor,  in  chromium.  In  all  cases  the  sample  is  to 
be  first  of  all  brought  into  extremely  fine  powder.  Al)out  a  gram  is 
rubbed  tolerably  fine  in  a  steel  mortar,  tlien  finished  fractionally  in 
an  agate  mortar. 

Christomanos  recommends  that  the  coarse  powder  should  be 
ignited  for  a  short  time  on  platinum  previous  to  powdering  with  the 
agate  mortar;  after  that  it  should  be  sifted  tlirough  the  finest  material 
that  can  be  used,  and  the  coarser  particles  returned  to  the  mortar  for 
regrinding. 

Previous  to  analysis  it  should  be  again  ignited,  and  the  analysis 
made  on  the  dry  sample. 

O'Neill's  Process.— The  very  finely  powdered  ore  is  fused  with  teii 
times  its  weight  of  potassium  bisulpliate  for  twenty  minutes,  taking  care  tliat  it 
does  not  rise  over  the  edge  of  the  platiimm  crucible ;  when  the  fusion  is  comj)lete, 
the  molten  mass  is  caused  to  flow  over  the  sides  of  the  crucible,  so  as  to  prevent 
the  formation  of  a  solid  hnnp,  and  the  crucible  set  aside  to  cool.  The  mass  is 
transferred  to  a  porcelain  dish,  and  lixiviated  with  warm  water  until  entirely 
dissolved  (no  black  residue  must  occur,  otherwise  the  ore  is  not  completely 
decomposed) ;  sodium  carbonate  is  then  added  to  the  liijuid  until  it  is  strongly 
alkaline ;  it  is  then  brought  on  a  filter,  washed  slightly,  and  the  filter  dried. 
When  perfectly  dry,  the  precipitate  is  detached  from  the  filter  as  much  as 
possible;  the  filter  burned  separately;  the  ashes  and  precipitate  mixed  with 
about  twelve  times  the  weight  of  the  original  ore,  of  a  mixture  of  two  parts 
potassium  chlorate  and  three  jwirts  sodium  carbonate,  and  fused  in  a  platinum 
crucible  for  twenty  minutes  or  so ;  the  resulting  ma^s  is  then  treated  with  boiling 
water,  filtered,  and  the  filtrate  titrated  for  chromic  acid  as  in  §  56.1. 

The  ferric  oxide  remaining  on  the  filter  is  titmted,  if  recpiired,  by 
any  of  tlie  methods  described  in  §§  63  and  64. 

Britton's  Process. —  Reduce  the  mineral  to  the  finest  state  of  division 
possible  in  an  agate  mortar.  AV'eigh  oflF  0'5  j^nn.,  and  add  to  it  4  »j:m.  of  flux, 
previously  prepared,  composed  of  one  part  potassium  chlorate  and  three  parts 
soda-lime;  thoroughly  mix  the  mass  by  triturating  in  a  porcelain  mortar,  and 
then  ignite  in  a  covered  i)latinum  crucible  at  a  bright-red  heat  for  an  hour  and 
a  half  or  more.  20  minutes  is  sutticient  with  the  gas  blowpipe.  The  mass  will 
not  fuse  but  when  cold  can  be  turned  out  of  the  crucible  by  a  few  gentle  taps, 
leaving  the  interior  of  the  vessel  clean  and  bright.  Triturate  in  the  mortar 
again  and  turn  the  iK)wder  into  a  tall  beaker,  and  add  about  20  c.c.  of  hot 
water,  and  Iwil  for  two  or  three  minutes ;  when  cold  add  15  c.c.  of  HCl,  and 
stir  with  a  glass  rod,  till  the  solid  matter,  with  the  exception  probably  of  a  little 
silica  in  flakes,  becomes  dissolved.  Both  the  iron  and  chromium  will  then  be  in 
the  highest  state  of  oxidation— Fe-jOa  and  Cr.203.  Pour  the  fluid  into 
a  white  porcelain  dish,  and  dilute  with  washings  of  the  beaker  to  about  3  oz. 
Immediately  after,  also,  add  cautiously  1  gm.  of  metallic  iron  of  known  purity, 
or  an  equivalent  quantity  of  double  iron  salt,  previously  dis.»*olved  in  dilute 
sulphuric  acid,  and  further  dilute  with  cold  water  to  about  5  oz.,  to  make  up  the 
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volume  in  the  dish  to  about  8  oz.,  then  titrate  with  ^/lo  permanganate  the 
amount  of  ferrous  oxide  remaining.  The  difTerence  between  the  amount  of  iron 
found  and  of  the  iron  weighed  will  be  the  amount  oxidized  to  sesquioxide  by  the 
chromic  acid.  Every  one  part  8o  oxidized  will  represent  0*320  of  Cr  or  4*529  of 
^rjOj,  in  which  last  condition  the  substance  usually  exists  in  the  ore. 

If  the  amount  of  iron  only  in  the  ore  is  to  be  determined,  the  process  is  still 
shorter.  After  the  fluxed  mineral  lias  been  ignited  and  reduced  to  powder,  as 
already  directed,  dissolve  it  by  adding  first,  10  c.c.  of  hot  water  and  applying 
a  gentle  heat,  and  then  16  c.c.  of  HCl,  continuing  the  heat  to  incipient  boiling 
till  complete  decomposition  has  been  effected ;  cool  by  immersing  the  tube  in 
a  bath  of  cold  ^i-ater,  add  pieces  of  pure  metallic  zinc  sufficient  to  bring  the  iron 
to  the  condition  of  protoxide  and  the  chromium  to  sesquioxide,  and  apply  heat 
till  small  bubbles  of  hydrogen  cease,  and  the  zinc  has  become  quite  dissolved ; 
then  nearly  fill  the  tube  with  cold  water,  acidulated  with  one-tenth  of  sulphuric 
acid,  and  pour  the  contenb«  into  the  porcelain  dish,  add  cold  water  to  make  up  the 
volume  to  about  250  c.c,  and  titrate  with  standard  permanganate  or  bichromate. 

Sell's  ProoesB.— This  method  is  descrilxnl  in  J.  C.  S.  1879 
(p.  292),  and  is  earritMl  out  by  first  fusing  the  finely  ground  ore  with 
a  mixture  of  scnlium  bisulphate  and  fluoride  in  the  proportion  of 
1  mol.  bisulphate,  and  2  mol.  fluoride,  and  subsequent  titration  of  the 
chromic  acid  by  standard  thiosulphate  and  iodine. 

From  0*1  to  0*5  gm.  of  the  ore  is  pUced  on  the  top  of  ten  times  its  weight  of 
the  above-mentioned  mixture  in  a  large  platinum  crucible,  and  ignited  for  fifteen 
minutes;  an  equal  weight  of  sodium  bisulphate  is  then  added  and  well  in- 
corporated by  fusion,  and  stirring  with  a  platinum  wire ;  then  a  further  like 
quantity  of  bisulphate  added  in  the  same  way.  AVhen  complet-e  decomposition 
has  occurred,  the  mass  is  boiled  with  water  acidulated  with  sulphuric  acid,  and 
the  solution  diluted  to  a  definite  volume  according  to  the  quantity  of  ore 
originally  taken. 

To  insure  the  oxidation  of  all  the  chromium  and  iron  previous  to  titration, 
a  portion,  or  the  whole,  of  the  solution  is  heated  to  boiling,  and  permanganate 
added  until  a  permanent  red  colour  occurs.  Sodium  carbonate  is  then  added  in 
slight  excess,  and  sufficient  alcohol  to  destroy  the  excess  of  permanganate ;  the 
manganese  precipitate  is  then  filtered  off,  and  the  clear  solution  titrated  with 
^/lo  thiosulpliate  and  iodine 

The  author  states  that  the  analysis  of  an  ore  by  this  method  may 
Ih»  accomplished  in  tme  hour  and  a  half. 

For  the  oxidation  of  salts  of  chnmiium,  the  same  authority 
recommends  boiling  with  potash  or  sodium  carbonate  (to  which 
a  small  (piantity  of  hydrogen  peroxide  is  added)  for  15  minuter. 

For  the  preliminary  fusion  and  oxidation  of  chrome  iron  on», 
Dittmar  recommends  a  mixture  of  two  parts  borax  glass,  and  one 
and  a  half  part  each  of  80<lium  and  potassium  carl)onate.  These  are 
fused  together  in  a  platinum  crucible  until  all  effervejscence  ceases, 
then  poured  out  into  a  large  platinum  l)asin  or  u])on  a  clean  iron  plate 
to  cool,  broken  up,  and  preserved  for  use. 

Ten  jMirts  of  this  mixture  is  used  for  one  part  of  chnnue  ore,  and 
the  fusion  made  in  a  platinum  crucible,  closed  for  the  first  five  minutes, 
then  opened  for  alxjut  forty  minutes,  frequently  stirring  with  a  platinum 
wire,  and  using  a  jK)werful  Bunsen  flame.  The  gas  blowpipe  hastens 
this  method  considerably. 

The  alK)ve  de8c:ribed  methods  of  treating  the  c)res  of  chromium  so  as 
to  obtain  complete  dex^omixwition,  are  apparently  now  superseded  to 


182  VOLUMETRIC  ANALYSIS.  §  56. 

a  great  extent  by  the  use  of  sodium  peroxide,  but  the  action  of  this 
agent  is  so  energetic  upon  platinum,  gold,  silver,  nickel,  or  porcelain 
that  its  use  requires  great  care.  Many  well  known  authorities  on  the 
analysis  of  chrome  ores  use  a  basic  mixture  such  as  was  iirst  suggested 
by  Clark,  but  modified  by  Stead,  i.e.,  magnesia  or  lime  four  parts, 
potassium  and  sodium  carbonates  of  each  one  part.  Clark's  original 
mixture  of  magnesia  and  caustic  soda  acts  on  platinum,  but  Stead's 
mixture  does  not. 

The  fusion  is  made  by  mixing  the  very  finely  ground  sample  with  ten  times 
its  weight  of  the  basic  mixture  in  a  platinum  crucible,  and  heating  to  bright 
redness  at  the  back  of  a  gaa  muffle  for  about  an  hour  AVhen  the  crucible  is 
removed  and  cool  the  mass  is  found  sintered  together.  It  is  removed  to  a  beaker, 
and  the  crucible  washed  out  with  water  and  dilute  sulphuric  acid.  The 
decomposition  is  generally  complete,  but  if  any  black  specks  are  found  they 
must  be  separated  by  filtration,  dried,  and  again  fused  with  some  of  the  basic 
mixture;  finally  the  whole  is  mixed  with  excess  of  ferrous  salt,  and  the 
unoxidized  iron  titrated  with  bichromate  as  before  described. 

Rideal  and  Rosenblum  (/.  S.  C.  I.  xiv.  1017)  give  a  series  of 
experiments  on  the  estimation  of  chromium  in  ores,  steels,  etc.,  and 
on  the  use  of  sodium  peroxide,  which  latter  they  find  has  a  most 
destructive  effect  on  all  kinds  of  vessels  in  which  the  decomj>osition  is 
made — nickel  seems  the  best  material  if  not  exposed  to  too  high 
a  temperature,  but  they  found  also  that  a  goo<l  deal  of  nickel  was 
dissolved  from  the  crucibles  by  the  sulphuric  acid  used  to  dissolve  the 
melt,  and  they  therefore  attach  great  importance  to  the  filtration  of 
the  aqueous  solution  of  the  melt,  so  as  to  remove  nickel  and  iron 
oxides,  which  otherwise  interfere  with  the  titration  by  masking  the 
colour  of  the  indicator. 

Perrochrome,  Chromium  Steel,  etc.— Spiiller  and  Brenner 
(Chein.  Zeif.,  1897,  ii.  p.  3,  4)  describe  an  improved  method  which 
gives  better  results  than  the  previous  method  advocated  by  Spiiller 
and  Kalman. 

Method  of  PfiocEDURK  for  Ferbochbome:  0-35  gm.  of  the  finely 
powdered  sample  mixed  in  a  silver  dish  with  2  gm.  of  dry  powdered  sodium 
hydroxide  and  covered  with  4  gm.  of  sodium  peroxide^  is  heated  until  the 
mixture  begins  to  melt,  when,  as  a  consequence  of  the  strong  chemical  action, 
the  whole  mass  soon  becomes  liquefied.  The  dish  in  then  again  heated  for  ten 
minutes  over  a  powerful  burner,  and  5  gm.  of  sodium  peroxide  is  cautiously 
added,  stirring  all  the  while  with  a  silver  spatula.  After  heating  for  thirty 
minutes  more,  another  5  gm.  of  sodium  peroxide  is  added  and  the  heating 
continued  for  twenty  minutes,  when  a  final  5  gm.  of  the  peroxide  is  added. 

When  cold,  the  silver  basin  is  placed  in  a  deep  porcelain  dish  and  filled  with 
water;  when  the  lixiviation  is  completed,  which  takes  a  few  minutes  only,  the 
silver  dish  is  lifted  out  and  well  rinsed  with  hot  water.  A  brisk  current  of  COj 
is  then  passed  through  the  liquid  for  lialf  an  hour,  the  whole  allowed  to  cool, 
introduced  into  a  liter  measure,  and  made  up  to  the  mark  with  water.  After 
shaking  and  filtering,  250  c.c.  are  taken  and  the  chromic  acid  titrated  by  a 
permanganate  solution  of  which  1  c.c.  equals  about  U'005  gm.  of  iron,  and  a 
solution  of  ferrous  ammonium  sulpliate  containing  7  gm.  of  the  salt  in  500  c.c. 
The  chromium  solution  is  diluted  with  1  liter  of  cold  water  which  has  been 
previously  boiled  and  acidified  with  20  c.c.  of  sulphuric  acid  (1  :  5  by  volume) ; 
100  c.c.  of  ferrous  ammonium  sulphate  are  added,  and  the  mixture  titrated  back 
with  permanganate.    The  strength  of  the  ferrous  solution  is  determined  by  a 


§  56.  CHROMIUM.  183 

blank  experiment  under  similar  conditions.  If  the  solution  of  the  melt  appears 
^reen,  it  is  advisable  to  add  first  a  few  c.c.  of  permanganate  and  then  some  more 
sodium  peroxide,  when  a  pure  yellow  liquid  will  be  obtained. 

Method  of  Proceduhe  fob  Ciibome  Steel:  2gm.of  the  sample  is  dissolved 
in  20  c.c.  of  warm  hydrochloric  acid  contained  in  a  porcelain  dish,  10  c.c.  of 
dilute  sulphuric  acid  (1:1)  are  added,  and  the  whole  evaporated  to  dryness ;  the 
residue  is  then  transferred  to  a  silver  dish  and  heated  with  2  gm.  of  sodium 
hydroxide  and  5  gm.  of  sodium  peroxide,  until  the  sulphates  are  decomposed  and 
the  mass  begins  to  cake.  A  strong  heat  is  now  applied  and  another  6  gm.  of  the 
peroxide  is  added.  When  the  mass  begins  to  fuse,  it  is  well  stirred  with  a  silver 
spatula,  and  after  20  minutes  another  5  gm.  of  peroxide  is  added ;  after  another 
20  minutes,  when  the  oxidation  is  complete,  a  further  addition  of  6  gm.  of  the 
soda  is  made  and  the  mass  is  allowed  to  cool.  The  melt  is  then  extracted  as  in 
the  former  case,  but  the  liquid  is  made  up  to  600  c.c.  only,  and  250  c.c.  of  the 
filtrate  (1  gm.  of  sample)  are  taken  for  the  titration  of  the  chromium.  In  this 
case,  the  authors  prefer  titrating  according  to  Zulkowsky's  method;  the 
liquid  is  put  into  a  long,  narrow  beaker,  mixed  with  10  c.c.  of  a  10  per  cent, 
solution  of  potassium  iodide,  and  acidified  with  pure  hydrochloric  acid.  To 
another  beaker  containing  20  c.c.  of  a  solution  of  potassium  bichromate 
(0-9833  gm.  per  liter),  250  c.c.  of  water  are  added,  then  10  c.c.  of  a  10  per 
cent,  solution  of  potat^siuni  iodide  and  a  little  hydrochloric  acid.  After  being 
left  for  15  minutes  in  a  dark  place,  both  liquids  are  titrated  with  solution 
of  sodium  thiosulpliate  containing  4*96  gm.  of  the  salt  per  liter.  The  amount 
of  chromium  being  known  in  the  one  solution,  the  quantity  contained  in  the 
other  is  readily  calculated. 

R ideal  and  Roaeuhlum  liave  obtained  excellent  reaults  with 
ferrochrome,  by  fusion  with  fiodiiira  peroxide  alone.  The  manner 
of  procedure  was  as  follows  : — 

About  0'5  gm.  of  a  very  finely  powdered  ferrochrome  was  mixed  with  3  gm.  of 
sodium  peroxide  and  heated  very  gently  in  a  nickel  crucible,  until  the  mass 
began  to  melt,  and  then  to  glow  by  itself.  The  heating  was  then  continued  for 
ten  minutes,  and  after  the  mass  was  partially  cooled  1  gm.  of  sodium  peroxide 
was  added  and  the  heating  continued  for  another  five  minutes. 

The  crucible,  when  still  moderately  warm,  was  placed  in  a  suitable  porcelain 
basin,  which  was  then  half  filled  with  hot  water  and  covered  with  a  clock  glass. 
The  melt  easily  dissolved  in  the  hot  water,  the  solution  obtained  being  of  a  deep 
purple  colour,  due  to  sodium  ferrate,  which  is  abundantly  formed  during  the 
fusion.  The  solution  also  contained  sodium  manganate,  resulting  from  the 
oxidation  of  the  manganese  which  is  present  in  ferrochrome. 

To  decompose  both  these  salt**  a  small  quantity  of  sodium  peroxide  was  added, 
on  which  the  solution  immediately  lost  its  purple  colour.  The  solution  was  then 
boiled  for  ten  minutes  to  decompose  the  excess  of  sodium  peroxide,  and  the 
insoluble  residue  of  iron,  nickel,  and  manganese  oxide  was  filtered  off.  An 
excess  of  sulphuric  acid  was  then  added  to  the  solution,  and  after  cooling  it  was 
titrated  in  the  usual  manner  with  permanganate. 

Galbraith's  method,  modified  somewhat  by  Stead  {Jour,  Iron  and 
Steel  Instifutey  1893,  153),  is  considered  the  most  rapid  method  for  the 
estimation  of  chromium  in  irons  and  steels. 

The  sample  is  dissolved  in  dilute  sulphuric  acid,  filtered,  the  solution  diluted 
to  about  300  c.c.  and  heated  to  boiling.  Strong  solution  of  potassium  per- 
manganate is  now  added  until  the  red  rx)lour  is  permanent  for  ten  minutes,  then 
80  c.c.  of  10  per  cent,  hydrochloric  acid,  and  the  liquid  heated  until  decolorized ; 
150  c.c.  of  water  are  added,  about  100  c.c.  boiled  off  to  expel  the  chlorine,  and 
the  chromium  is  then  titrated.  The  residue  insoluble  in  dilute  sulphuric  acid  is 
mixed  with  0*5  gm.  of  the  basic  mixture  previously  mentioned,  and  heated  to 
intense  redness  for  half  an  hour;  the  chromium  is  afterwards  titrated  in 
hydrochloric  acid  solution  with  ferrous  sulphate  and  bichromate. 
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Another  process  consists  in  dissolving  2  gra.  of  the  sample  in  hydrochloric 
acid  ;  without  filtering,  the  liquid  is  nearly  neutralized  with  a  2  per  cent, 
solution  of  caustic  soda,  and  after  diluting  to  300  c.c,  10  c.c.  of  a  5  per 
cent,  solution  of  sodium  phospliate  and  30  gm.  of  sodium  thiosulphate  are 
added.  After  boiling  to  expel  the  SOj,  20  c.c.  of  a  saturated  solution  of  sodium 
acetate  are  added,  and  the  boiling  continued  for  five  minutes  ;  the  precipitated 
chromium  phosphate  is  then  washed  vtith  a  2  per  cent,  solution  of  ammonium 
nitrate,  dried,  calcined,  and  fused  with  the  basic  mixture.  The  melt,  dissolved 
in  30  c.c.  of  hydrochloric  acid  and  150  c.c.  of  water,  is  boiled  for  ten  minutes 
and  titrated.  The  process  may  be  used  in  presence  of  vanadium.  In  this  case, 
the  chromium  must  be  titrated  by  means  of  ferrous  sulphate  and  permanganate 
in  presence  of  sulphuric  acid. 

Rideal  ami  Rosen  bin  m's  experiments  appear  to  show  that  sodium 
peroxide,  if  certain  conditions  be  observed  in  its  use,  is  a  very  valuable 
agent  for  the  analysis  of  chrome  ore,  ferrochrome,  and  chrome  steel,  as 
it  removes  the  two  main  defects  of  fonuer  methods,  viz.,  the  necessity 
of  repeated  fusion  to  effect  complete  decomposition  and  the  inconvenient 
slowness  of  these  processes.  The  conditions  which  should  be  observed 
are  summarized  by  them  as  follows  : — 

(1)  Great  care  should  be  taken  to  reduce  the  chrome  ore  or  the  ferrochrome 
to  an  almost  impalpable  powder.  This  can  be  done  without  much  difficulty  if 
the  ore  or  the  alloy  be  crushed  in  a  steel  mortar  imtil  a  powder  is  obtained 
which  will  pass  through  a  linen  bag.  Tliis  iK)wder  is  then  ground  in  an 
agate  mortar  to  the  required  degree  of  fineness,  a  little  \>-ater  being  added  to 
facilitate  the  grinding. 

(2)  The  water  solution  of  the  melt,  before  acidulation,  must  be  freed  from 
an  excess  of  sodium  peroxide.  Whenever  sodium  ferrate  or  sodium  manganate 
is  formed  during  the  fusion  it  must  be  decomposed  in  the  water  solution 
of  the  melt. 

(3)  As  the  result  of  the  analysis  depends  to  a  large  extent  ui)on  the  titration, 
and  especially  upon  a  clear  perception  of  its  final  point,  it  is  important  that  the 
solution  in  which  the  chrome  is  to  be  determined  should  be  as  free  as  possible 
from  other  metallic  salts,  as  for  instance,  iron,  manganese,  and  nickel  salts. 
We  have  also  observed  that  the  ferricyanide  solution  which  is  used  as  an 
indicator  is  most  satisfactory  when  it  contains  no  more  than  1  per  cent,  of 
ferricyanide. 

lodometrio  Estimation  of  Chromic  Acid.— H.  P.  Heubert 
and  Henke  (Zeit.  /.  atip.  C,  1900,  1147)  have  devised  a  method 
which  depends  upon  the  reaction  : 

K2Cr207  +  6KI 4-  7H2SO^  =  4K2SO,  +  Cr2(8(  )4)3  +  7H.p  +  61. 

Under  ordinary  circumstances  the  action  takes  considerable  time. 
The  autliors  hav(i  made  an  exhaustive  investigation  of  its  rate  of 
progress  when  the  different  bodies  are  present  in  different  quantities. 
Increasing  the  proj)ortion  of  acid  accelerates  the  reaction  more  than 
increasing  the  pro]x)rtion  of  potassium  iodide  does ;  dilution  greatly 
retards  it.  The  following  are  convenient  proportions  to  use  : 
Bichromate,  0*05  gm. ;  potassium  iodide,  0*5  gm. ;  sulphuric  acid, 
1*8  gm. ;  total  volume,  100  c.c.  If  less  than  0*05  gm.  of  bicliromate 
l>e  present,  the  other  quantities  should  still  be  kept  the  same.  If  there 
l)e  more  bicliromate,  the  iodide  and  acid  should  be  proportionately 
increased  without  adding  more  water,  ludess  there  be  more  tlian 
0*25  gm.  The  reaction  is  complete  in  al)out  six  minutes.  The  liquid 
should  then  be  diluted  and  titrated  wnth  tliiosulphate  solution,  using 
starch  as  indicator. 
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COBAIiT. 

Co  =  59. 

Estimation  by  Permanganate  and  Merourio  Oxide 

(C.  Winkler). 

§  57.  The  volumetric  estiniatiou  of  cobalt  e8i>ecially  in  the  presonc^ 
of  other  metals  is  not  yet  very  satisfactory.  The  metluxl  here  mentioned 
is  worthy  of  notice,  and  witli  an  alteration  suggested  ])y  H.  B.  Harris 
(/.  Am.  C,  S,y  1898,  173)  is  capable  of  giving  fair  teclmic>al 
results.  This  alteration  is  to  carry  out  the  titration  in  a  hot 
solution  instead  of  a  cold  one,  as  appears  to  have  been  done 
by  Winkler.  If  an  aqueous  solution  of  col>altous  chloride  or 
sulphate  be  treated  with  an  emulsion  of  precipitated  mercuric 
oxide,  no  decomjwsition  ensues ;  but  on  the  addition  of  per- 
manganate to  the  mixture,  hydrated  cobaltic  and  manganic  oxides 
are  precipitated,  and  the  mercuric  oxide  is  simply  used  to  meclianically 
separate  the  resulting  oxides.  It  is  probable  tliat  no  definite  formula 
can  be  given  for  the  reaction,  and  therefore  ])ractically  the  working 
effect  of  the  |)ermanganate  is  l>est  established  by  a  standanl  solution  of 
cobalt  of  known  strength,  say  metallic  cobalt  dissolved  as  chloride,  or 
neutral  cobaltous  sulphatt*. 

Method  of  PKorKDUBK :  The  solution  of  about  01  to  0*2  gm.  of  the  metal 
free  from  any  ^reat  excess  of  acid,  is  placed  in  a  flask,  diluted  to  about  2CX)  c.c, 
and  a  tolerable  quantity  of  mercuric  emulsion  (precipitated  from  the  nitrate  or 
perchlorate  by  alkali  and  washed)  added.  Permanganate  from  a  burette  is  then 
slowly  added  to  the  hot  solution  with  constant  shaking  until  the  rose  colour 
appears  in  (he  clear  liquid  above  the  bulky  brownish  precipitate. 

The  appearance  of  the  mixture  is  somewhat  puzzling  at  the  begiiming, 
but  as  more  i)ermanganate  is  added  the  precipitate  settles  more  freely, 
and  the  end  as  it  approaches  is  very  easily  distinguished.  The  final 
ending  is  when  the  rose  colour  is  persistent  for  a  minute  or  two ; 
subsequent  bleiiching  must  not  be  regarded. 

The  actual  deconi])Osition  as  between  colxiltous  chloride  and  jKir- 
manganate  may  be  formulated  thus — 

eCoCl.^ -f. 51Ig() 4-  K..Mn..< ),  +  H/)  =  3Co2(()II)6  +  5HgCl.^ 

+'2KCl+2Mn(yi20 

but  as  this  exact  decomiK)sition  cannot  be  depended  ujk)!!  in  all  the 
mixtures  occurring,  it  is  not  |H)ssible  to  accept  systematic  numbers 
calculated  from  normal  solutions. 

Solutions  containing  manganese,  phosphorus,  arsenic,  active  chlorine 
or  oxygen  compounds,  or  organic  matter,  cannot  be  used  in  this 
estimation ;  moderate  quantities  of  copier  or  lead  are  of  no  ccmsequence. 
Nor  is  antimony  when  its  quantity  is  double  or  more  than  the  cobalt, 
but  if  left  the  results  are  too  high. 

A  further  modification  of  this  method  was  advocated  by  von  Re  is 
and  Wiggert,  and  possesses  the  advantage  of  being  easy  and  sim])le  in 
execution.  Verv  fair  results  were  obtained  bv  11.  B.  Harris  on  trial 
at  the  same  time  as  the  examination  of  Winkler's  methcHl. 
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Method  of  Phocedube  :  The  solution  of  cobalt  is  mixed  with  an  emulsion 
of  zinc  oxide  and  heated  to  boiling.  A  standard  solution  of  permanganate 
is  then  added  in  known  quantity,  but  more  than  enough  to  precipitate  the 
oxidized  cobalt.  The  latter  precipitate  settles  to  the  bottom,  the  excess  of 
permanganate  is  then  found  by  titration  with  a  standard  solution  of  ferrous 
ammonium  sulphate. 

R.  L.  Taylor  (C  y.,  Ixxxviii.  184)  has  experimented  on  Rose's  method  of 
separating  cobalt  from  nickel,  and  has  improved  it  by  using  a  perfectly  neutral 
solution  instead  of  a  strongly  acid  solution  as  used  by  Rose;  the  latter 
neutralized  the  solution  by  calcium  or  barium  carbonate,  but  the  Co;  so 
produced  retarded  or  altogether  stopped  the  precipitation  of  the  cobalt  oxide. 
By  the  new  process  the  result  is  that,  a  dilute  neutral  solution  of  cobalt 
may  be  quantitatively  precipitated  by  barium  or  calcium  carbonate  in  presence 
of  bromine  water.  If  the  liquid  from  which  the  cobalt  is  to  be  precipitated  is 
acid,  the  acid  must  be  neutralized  by  an  excess  of  carbonate  and  well  boiled  to 
expel  all  the  Ca2,  and  then  cooled  before  the  bromine  water  is  added.  Not  only 
C03  but  zinc  also  stops  the  precipitation. 

The  composition  of  the  black  oxide  is  not  quite  clear,  but  it  is  fairly  constant 
in  composition,  and  if  dissolved  with  HCI  and  KI  the  amount  is  ascertained  by 
titrating  the  liberated  iodine.  The  method  has  been  tested  by  J.  H.  Davidson 
in  the  assay  of  cobalt  ores,  and  he  finds  it  much  more  rapid  than  the  usual  methods 
and  sufficiently  accurate  for  assay  purposes. 

COPPBB. 

Cu  =  63. 

1  c.c.  ^/lo  solution  =  0*0063  gm.  Cu. 

Iron  xl -125  =Cu. 

Double  Iron   Salt  x  0-1607  =  Cu. 

1.    Beduction   by   Grape    Sugar   and   subsequent   titration 
with  Ferric  Chloride  and  Permanganate  (Schwarz). 

§  58.  This  process  is  based  upon  the  fact  that  grape  sugar 
precipitates  cuprous  oxide  from  an  alkaline  solution  of  the  metal 
containing  tartaric  acid ;  the  oxide  so  obtained  is  collected  and 
mixed  with  ferric  chloride  and  hydrochloric  acid.  The  result  is  the 
following  decomposition : — 

CugO  +  FooClg  +  2HC1  =  2CuCl.^  +  2FeCl.^  +  HgO. 

Each  equivalent  of  copper  reduces  one  equivalent  of  ferric  to  ferrous 
chloride,  which  is  estimated  by  permanganate  with  due  precaution. 
Th«  iron  so  obtained  is  calculated  into  copper  by  the  requisite  factor. 

Method  of  Pkocedure  :  The  weighed  substance  is  brought  into  solution  by 
nitric  or  suli)huric  acid  or  water,  in  a  porcelain  dish  or  glass  flask,  and  most  of 
the  acid  in  excess  saturated  with  sodium  carbonate ;  neutral  potassium  tartrate 
is  then  added  in  not  too  large  quantity,  and  the  precipitate  so  produced  dissolved 
to  a  clear  blue  liquid  by  adding  caustic  potash  or  soda  in  excess ;  the  vessel  is 
next  heated  cautiously  to  about  50°  C.  in  the  water  bath,  and  sufficient  grape 
sugar  added  to  precipitate  the  copper  present ;  the  heating  is  continued  until  the 
precipitate  is  of  a  bright  red  colour,  and  the  upper  liquid  is  brownish  at  the  edges 
from  the  action  of  the  alkali  on  the  su^ar ;  the  heat  must  never  exceed  90°  C. 
"When  the  mixture  has  somewhat  cleared,  the  upper  fluid  is  poured  through 
a  moistened  filter,  and  afterwards  the  precipitate  brought  on  the  same,  and 
washed  with  hot  water  till  thoroughly  clean ;  the  precipitate  which  may  adhere 
to  the  dish  or  flask  is  well  washed,  and  the  filter  containing  the  bulk  of  the 
protoxide  put  with  it,  and  an  excess  of  solution  of  ferric  chloride  (free  from 
nitric  acid  or  free  chlorine)  added,  together  with  a  little  sulphuric  acid ;  the 
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whole  is  then  warmed  and  stirred  until  the  cuprous  chloride  is  all  dissolved.  It  is 
then  filtered  into  a  good-sized  flask,  the  old  and  new  filters  l)eing  both  well  washed 
with  hot  water,  to  which  at  first  a  little  free  sulphuric  aoid  should  be  a<ided,  in 
order  to  be  certain  of  dissolving  all  the  oxide  in  the  folds  of  the  paper.  The 
entire  solution  is  then  titrated  with  permanganate  in  the  usual  way.  Bichromate 
may  also  be  used,  but  the  end  of  the  reaction  is  not  so  distinct  as  usual,  from  the 
turbidity  produced  by  the  presence  of  copper. 

A  nioditication  of  thin  ])erinanganate  metlKxl,  which  gives  very  gocxl 
technical  renulta,  has  heen  (levi«e<l  hy  R.  K.  Meade  {J.  Am,  C.  S.  xx. 
No  8),  in  which  the  coj)i)er  is  precipitated  as  thiocyanate.  The  author 
considers  it  suiHirior  in  accuracy  to  the  iodide  metho<l ;  hut  with  this 
I  cannot  agree,  except  in  certain  cases. 

Method  of  Pboceduhk:  The  copper  is  brought  into  solution  as  a  sulphate, 
either  by  dissolving  it  in  sulphuric  acid  or  evaporation  of  its  solution  with 
suli)huric  acid.  The  greater  part  of  the  free  acid  is  neutralized  by  ammonia,  the 
solution  vi-armed,  sulphurous  acid  added  until  the  solution  smells  strongly  of  the 
reagent,  and  then  a  slight  excess  of  ammonium  or  potassium  thiocyanate.  The 
copper  is  immediately  precipitated  as  cuprous  thiocyanate.  Stirring  and 
warming  renders  the  precipitate  heavy  and  easily  handled.  The  solution  is 
filtered  through  asbestos,  using  the  pump,  and  well  washed.  The  precipitate 
and  filter  are  thrown  into  the  beaker  in  which  the  precipitation  was  made  and 
heated  with  a  solution  of  caustic  soda  or  caustic  potash.  Double  substitution 
takes  place.  Ilydrated  cuprous  oxide  and  potassium  or  sodium  thiocyanate 
result— 

2CuSCN  +  2K0H  «  Chi^COH),  +  2KSCN. 

The  oxide  is  filtered  on  asbestos  and  waahed  well  with  hot  water.  The 
precipitate  and  filter  are  again  placed  in  the  same  beaker  and  an  excess  of  ferric 
chloride  or  ferric  sulphate  (free  from  nitric  acid,  free  chlorine,  or  ferrous  salts), 
together  with  a  little  dilute  sulphuric  acid,  added.  Tlie  copper  oxide  reduces 
a  corresponding  amount  of  iron  from  the  ferric  to  the  ferrous  condition — 

CunO  +  FE.C1«  +  2HC1  =  2CUCI3  +  2FeCl,  +  HjO. 

The  beaker  is  warmed  and  stirred  until  all  the  cx>pper  oxide  is  dissolved.  The 
solution  is  then  poured  through  a  perforated  platinum  disk,  and  the  asbestos 
which  stays  behind  upon  it  washed  with  innter,  to  which  has  been  added  a  little 
sulphuric  acid  and  a  little  ferric  chloride  or  sulpliate.  The  solution  is  then 
titrated  with  permanganate.  The  iron  equivalent  to  the  permanganate  used 
multiplied  by  1125  gives  the  weight  of  copper  in  the  sample. 

Imitead  of  sulphurous  acid,  ammonium  or  sodium  bisulphite  may  be  used  to 
reduce  the  cop|)er.  A  solution  of  e<]ual  weights  of  sodium  bisulphite  and 
potassium  thiocyanate  answers  well  as  a  reagent  for  the  precipitation  of  the 
metal.  Since  copper  is  the  only  metal  precipitate<i  by  an  alkaline  thiocyanate 
from  an  acid  solution,  the  presence  of  arsenic,  antimony,  bismuth,  zinc,  and  other 
materials  which  render  the  electrolytic,  the  cyanide,  and  the  iodine  method 
inaccurate,  will  not  affect  the  result**. 

The  caiLstic  alkali  solution,  used  to  convert  the  cuprous  thiocyanate  into 
cuprous  hydroxide,  must  not  be  too  strong,  or  some  of  the  metal  will  go  into 
solution,  colouring  the  liquid  blue.  About  a  half  normal  solution  of  caustic 
potash,  made  by  dissolving  28  gm.  of  the  salt  in  a  liter  water,  is  a  convenient 
strength.  Either  ferric  sulphate  or  ferric  chloride  nmy  be  used  to  dissolve  the 
cuprous  oxide.  The  former  is  probably  the  safest,  but  the  latter  appears  to 
dissolve  the  jirecipitate  the  more  readily  of  the  two. 

2.    Reduction  by  Zino  and  subsequent  titration  with  Ferric 
Chloride  and  Permanganate  (Fleitmann). 

The  metallic  solution,  free  from  nitric  acid,  hismuth,  or  lead,  is 
precipitateil   with  clean  sticks  of   pure  zinc;   the   copper   collected, 
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washed,  and  dissolved  in  a  mixture  of  ferric  chloride  and  hydrochloric 
acid ;  a  little  sodium  carbonate  ma}-  Ixj  added  to  expel  the  atmospheric 
air.     The  reaction  is — 

Cu  +  FegClfl  =  CuCla  +  2FeCl2. 

When  the  copper  is  all  dissolved,  the  solution  is  diluted  and 
titrated  with  permanganate;  56  Fe  =  31*5  Cu. 

If  the  original  solution  contains  nitric  acid,  bismuth,  or  lead,  the 
decomposition  by  zinc  must  take  j)lace  in  an  ammoniacal  solution,  from 
wliich  the  precipitates  of  either  of  the  above  metals  have  l)een  removed 
by  filtration ;  the  zinc  must  in  this  case  be  finely  divided  and  the 
mixture  warmed.  The  copper  is  all  precipitated  when  the  colour  of 
the  sohition  has  disappeared.  It  is  washed  first  with  hot  water,  then 
with  weak  HCl  and  water  to  remove  the  zinc,  again  with  water,  and 
then  dissolved  in  the  acid  and  ferric  chloride  as  before. 

3.    Estimation  as  Cuprous  Iodide. 

This  excellent  method  is  based  on  the  fact  that  when  potassium 
iodide  is  mixed  with  a  salt  of  copper  in  acid  solution,  cuprous  iodide 
is  precipitated  as  a  dirty  white  powder,  and  iodine  set  free.  If  the 
latter  is  then  immediately  titrated  with  thiosulj)hate  and  starch,  the 
corresponding  quantity  of  coi)i)er  is  found. 

The  solution  of  tlie  metal,  if  it  contain  nitric  acid,  is  evaporated 
with  sulphuric  acid  till  the  fonner  is  expelled,  or  the  nitric  acid 
is  neutralized  with  sodium  carbonate,  and  acetic  acid  added ;  the 
sulphate  solution  must  Ixj  neutral,  or  only  faintly  acid;  excess  of  acetic 
acid  is  of  no  consequence,  and  therefore  it  is  always  necessary  to  get 
rid  of  all  free  mineral  acids  and  work  only  with  free  acetic  acid. 

J.  W.  Westmoreland  (/.  S.  C.  I.  v.  51),  who  has  had  very  large 
experience  in  examining  a  variety  of  copper  products,  and  has  worked 
the  process  in  my  own  laboratory,  strongly  recommends  it  for  the 
estimation  of  copi)er  in  its  various  ores,  etc.  The  metal  may  very 
conveniently  be  separated  from  a  hot  sulphuric  acid  solution  by 
sodium  thiosulj)hate  :  this  gives  a  flocculent  precipitate  of  subsulphide 
mixed  with  sulphur,  which  filters  readily,  and  can  ])e  washed  ^ith 
hot  water.  Arsenic  and  antimony,  if  i)re8ent,  are  also  precipitate-d  ; 
tin,  zinc,  iron,  nickel,  cobalt,  and  manganese  are  not  precipitated. 
On  igniting  the  ]>recij)itate  most  of  the  arsenic  and  the  excess  of 
sulphur  is  expelled,  an  imjmre  subsulphide  of  copper  being  left. 
Sulphuretted  hydrogen  may  of  course  be  used  instead  of  the  thio- 
sulj)hate,  but  its  use  is  objectionable  to  many  operators,  bedside  whicli, 
under  some  circumstances,  a  small  amount  of  copper  remains  in  the 
solution,  and  moreover  iron  in  small  quantity  is  also  precipitated  with 
the  copper,  and  cannot  be  entirely  removed  by  washing.  If  HgS  is 
used  it  should  be  passed  for  some  time,  and  the  precipitate  allowed  to 
stand  a  few  hours  to  settle — after  filtration  and  washing  the  CuS 
should  lie  reilissolved  in  HNC).^  and  reprecipitated  with  the  gas,  it  is 
then  quite  free  from  iron. 

Standardizing  the  Thiosulphate  Solution.—This  may  be  done 
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on  pure  electrotyi)e  copper,  but  this  is  not  always  Ui  he  liad  pure,  and 
the  safest  standartl  is  high  conductivity  wire,  dissolved  first  in  nitric 
acid,  boiling  to  expel  nitrous  fumes,  diluting,  neutralizing  with  sodium 
carbonate  till  a  precipitate  occurs,  then  adding  acetic  acid  till  clear. 
The  liquid  is  then  made  up  to  a  definite  volume,  and  a  quantity  ecjual 
to  about  0*5  gm.  Cu  taken  in  a  flask  or  beaker,  about  ten  times  the 
copper  weight  of  potassium  iodide  added,  and  when  dissolved  the 
thiosulphate  is  run  in  from  a  burette  until  the  free  iotline  is  nearly 
removed,  add  then  some  starch,  and  finish  the  titration  in  the  usual 
way.  The  thiosulphate  will  of  course  need  to  be  cliecked  (Xicasionally. 
If  strictly  ^/xo  thiosulphate  is  used,  each  c.c.  =  0-0063  gm.  Cu. 

Method  of  Pbockduhe  :  For  estimating  the  copper  in  iron  pyrites  or  bunit 
ore  5  \^n.  of  the  substance  should  be  taken,  2  gm.  for  30-40  **;o  mattes  or  1  gm. 
for  60  "/o  mattes,  and  with  precipitates  it  is  best  to  dissolve  say  5  gm.  and  dilute 
to  a  definite  volume,  and  take  as  much  as  would  represent  from  0"5  to  0'7  gm.  of 
Cu  for  titration.  The  solution  is  made  with  nitric  acid,  to  which  hydrochloric  is 
also  added  later  on,  and  then  evaporated  to  dryness  with  excess  of  sulphuric  acid 
to  convert  the  bases  into  sulphates  ;  the  residue  is  treated  with  wann  water  and 
any  insoluble  PbS04,  etc.,  filtered  oflP.  The  filtrate  is  heated  to  boiling  and 
precipitated  with  thiosulphate,  this  precipitate  is  filtered  off,  washed  with  hot 
water,  dried,  and  roasted ;  the  resulting  copper  oxide  is  then  dissolved  in  nitric 
acid,  and  after  the  excess  of  acid  is  chiefly  removed  by  evaporation,  sodium 
carlM)iiate  is  added  so  an  to  precipitate  part  of  the  copper  and  ensure  freedom 
from  mineral  acid,  acetic  acid  is  added  till  a  clear  solution  is  obtained ;  about 
ten  parts  of  potassium  iodide  to  one  of  copper,  supposed  to  be  present,  are  then 
addc^,  and  the  titration  carried  out  in  the  usual  way. 

A  slight  variation  of  this  metlKxl  as  used  in  America  is  (b»scril)ed  by 
A.  II.  Low  {J,  Ant.  0.  S.  xviii.  No.  5  and  xxiv.  1082).  A  solution 
of  thiosulphate  is  used,  containing  alumt  19  gm.  per  liter,  which  is 
standardized  upon  al)out  0*2  gm.  of  pure  copper  foil  dissolved  in  nitric 
acid  sp.  gr.  1*2.  6  or  7  gm.  of  crystallized  zinc  acetate  or  20  c.c. 
of  sjiturated  solution  of  the  acetate  are  used  in  each  estimation  to 
countemct  the  nitric  acid  used  for  <lissolving  the  copper.  1  c.c.  of  it 
represents  about  0*005  gm.  of  cop])er. 

Method  of  Pboceduhe  :  Treat  1  i(m.  of  the  copier  substance  in  a  llask  of 
250  c.c.  capacity  with  5  or  6  c.c.  of  stronj;  nitric  acid,  and  boil  50  c.c.  gently. 
Tlien  add  5  c.c.  of  bromine,  and  again  boil  till  all  nitrous  fumes  and  bromuie  are 
expelled.  As  soon  as  the  incrusted  matter  has  dissolved,  add  a  slight  excess  of 
ammonia,  the  excess  boiled  off,  then  add  3  to  4  c.c.  of  acetic  acid  which  dissolves 
any  precipitated  copper  hydroxide,  after  cooling  add  3  gm.  of  KI  and  titrate 
with  thiosulphate  as  usual.  For  ores,  0*5  gm.  is  treated  with  nitric  acid,  the 
decomposition  completed  with  hydrochloric  acid,  and  all  other  acids  then  ex[)elled 
by  evaporating  with  sulphuric  acid.  After  diluting  and  filtering,  the  copper  is 
precipitated  by  means  of  aluminium,  filtered  off,  washed, — using  hydrogen 
sulphide  water  during  the  washing— then  dissolved  in  nitric  acid  and  bromine  as 
above,  after  which  the  titration  is  effected  as  usual.  The  aluminium  is  used  as 
follows :  —  PUce  in  the  beaker  two  pieces  of  sheet  aluminium,  which,  for  the  sake 
of  convenience  in  subsequent  washing,  may  be  prepared  as  follows : — Stout  sheet 
aluminium,  say  about  one-sixteenth  of  an  inch  in  thickness,  is  cut  into  pieties  an 
inch  and  a  half  square,  and  then  the  four  corners  are  bent,  for  about  a  quarter  of 
an  inch,  alternately  up  and  down  at  right-angles.  This  scheme  prevents  the 
pieces  from  lying  flat  against  each  other  or  upon  the  Iwttom  of  the  beaker,  and 
their  washing  is  thus  facilitated.  The  same  pieces  of  aluminium  may  be  used 
repeatedly,  as  they  are  but  little  atta(.*ked  each  time.  Add  5  c.c.  of  strong 
sulphuric  acid,  cover  the  beaker,  and  heat  to  boiling.     Boil  strongly  for  about 
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seven  minutes.  Unless  the  bulk  of  the  solution  is  excessive,  this  will  be  quite 
sufficient  li^ith  all  percentages  of  copper.  Ordinarily  the  aluminium  will  be 
found  to  be  clean,  and  nearly  or  quite  free  from  precipitated  copper.  If,  by 
chance,  the  copper  adheres  to  any  considerable  extent,  it  will  usually  become 
loosen^  by  a  little  additional  boiling,  or  it  may  be  removed  by  the  aid  of  a  glass 
rod.  Transfer  the  solution  back  to  the  original  flask,  and,  by  means  of  a  wash- 
bottle  of  hot  water,  rinse  in  also  as  much  of  the  copper  as  possible,  leaving  the 
aluminium  behind.  Drain  the  beaker  as  completely  as  possible,  and  temi)orarily 
set  it  aside  with  the  aluminium,  which  may  still  retain  a  little  copper.  Allow 
the  copper  in  the  flask  to  settle,  and  then  decant  the  liquid  through  a  Alter. 
Again  wash  the  copper  similarly  two  or  three  times  uith  a  little  hot  water, 
retaining  it  as  completely  as  possible  in  the  flask.  Finally,  wash  the  Alter  onoe 
or  twice  and  endeavour  to  rinse  all  metallic  particles  down  into  the  point.  Now 
pour  upon  the  aluminium  in  the  beaker  5  c.c.  of  nitric  acid  (1*2  sp.  gr.)  and 
water,  and  warm  the  beaker  gently,  but  do  not  heat  to  boiling,  as  the  aluminium 
would  be  thereby  unnecessarily  attacked.  See  that  any  copper  present  is 
dissolved,  and  pour  the  warm  solution  through  the  filter  last  used,  thus  dissolving 
any  contained  particles  of  copper,  and  receive  the  filtrate  in  the  flask  containing 
the  main  portion  of  the  copper.  At  this  stage  do  not  \irash  either  the  aluminium 
or  the  filter,  but  simply  remove  the  flask  and  set  the  beaker  in  its  place  and 
proceed  as  above. 

4.    Estimation  by  Potassium  Cyanide  (Farkes  and 

C.  Mohr). 

This  well-known  and  much-used  process  for  estimating  copper 
depends  upon  the  decoloration  of  an  ammoniacal  solution  of  copper 
by  potassium  cyanide.  The  reaction  (which  is  not  absolutely  uniform 
with  variable  quantities  of  ammonia)  is  such  that  a  double  cyanide  of 
copper  and  ammonia  is  formed  ;  cyanogen  is  also  liberated,  which 
reacts  on  the  free  ammonia,  producing  urea,  oxalate  of  urea,  ammonic 
cyanide  and  formate  (Liebig).  Owing  to  the  inHuence  exercised  by 
variable  quantities  of  ammonia,  or  its  neutral  salts,  uiK)n  the 
decoloration  of  a  copper  solution  by  the  cyanide,  it  has  been 
suggeste^l  by  Beringer  to  substitute  some  other  alkali  for 
neutralizing  the  free  acid  in  the  copper  solution  other  than  ammonia. 
The  suggestion  has  been  adopted  by  Da  vies  (C.  N.  Iviii.  131)  and 
by  Fessenden  (C.  N,  Ixi.  131),  who  both  recommend  sodium 
carbonate.  My  own  experiments  completely  confirm  their  statement 
that  none  of  the  irregularity  common  to  variable  quantities  of 
ammonia  or  its  salts  occurs  with  soda  or  potash.  iSuppose  for 
example  that  copper  has  been  separated  as  sulphide,  and  brought 
into  solution  by  nitric  acid,  the  free  nitro-sidphuric  acid  is  neutralized 
with  Na2Co.j,  and  an  excess  of  it  added  to  redissolve  the  i)recipitate. 
The  cyanide  solution  is  then  cautiously  ran  into  the  light  blue 
solution  until  the  colour  is  just  discliarged.  My  own  experience  is, 
that  it  is  impossible  to  redissolve  the  whole  of  the  precipitate  without 
using  a  very  large  excess  of  soda ;  but  there  is  no  need  to  add  such 
an  excess,  as  the  precipitate  easily  dissolves?  when  the  cyanide  is 
added.  I  have  used  a  modification  of  this  method,  which  gives 
excellent  results,  viz.,  to  neutralize  the  acid  copper  solution  either  with 
NagCOg  or  NaHO,  add  a  trifling  excess,  and  then  1  c.c.  of  ammonia 
0*960  sp.  gr. ;  a  deep  blue  clear  solution  is  at  once  given,  which 
permits  of  very  sharp  end-reaction  with  the  cyanide. 
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J.  J.  and  0.  Beriiiger  (C  N.  xlix.  iii.)  have  already  adopted  the 
metliod  of  neutralizing  the  acid  copper  solution  witli  soda,  then 
adding  ammonia,  but  the  proportion  they  recommend  is  larger 
than  necessary. 

In  standardizing  the  cyanide,  it  is  advisable  to  arrange  so  that 
copi)er  is  preci])itated  witli  soda  exactly  as  in  the  titration  of  a  copper 
ore ;  that  is  to  say,  free  nitric  or  nitro-sulphuric  acid  should  be  added, 
then  neutralized  with  slight  exccvss  of  soila,  cleared  with  1  c.c.  of 
ammonia,  then  titrated  with  cyanide.  Large  quantities  of  nitratt*  or 
sulphate  of  soda  or  i)otasli,  however,  make  very  little  difference  in 
the  quantity  of  cyanide  used. 

It  has  generally  been  thou^^ht  that  where  copper  and  iron  occur  together,  it  is 
neoessarj'  to  separate  the  latter  before  using  the  cyanide.  F.  Field,  however, 
has  stated  that  this  is  not  necessary  ( C.  N.  i.  25) ;  and  I  can  fully  endorse  his 
statement  that  the  presence  of  the  suspended  ferric  oxide  is  no  hindrance  to  the 
estimation  of  the  copper;  in  fact,  it  is  rather  an  advantage,  as  it  acts  as  an 
indicator  to  the  end  of  the  process. 

While  the  cop|)er  is  in  excess,  the  oxide  possesses  a  purplish-brown  colour,  but 
as  this  excess  lessens,  the  colour  becomes  gradually  lighter,  until  it  is  orange 
brown.  If  it  be  now  allowed  to  settle,  which  it  does  ver>'  rapidly,  the  clear 
liquid  above  will  be  found  nearly  colourless.  A  little  practice  is  of  course 
necessary  to  enable  the  operator  to  hit  the  exact  point. 

It  is  impossible  to  sejiarate  the  ferric  oxide  by  filtration  without 
leaving  some  copper  in  it,  and  no  amount  of  washing  will  remove 
it.  For  example,  10  c.c.  of  a  copper  solution  with  10  c.c.  of  ferric 
soluticm  were  directly  titrat<*(l  with  cyanide  after  treatment  with 
NaHO  in  slight  excess  and  1  c.c.  of  ammonia.  The  cyanide 
required  was  12  c.c.  Another  10  c.c.  of  the  same  copper  and  iron 
solutions  were  then  precipiUited  with  soda  and  ammonia  in  same  pro- 
portions. This  gave  a  complete  solution  of  the  copper  with  the  feiTic 
oxide  suspended  in  it.  The  solution  was  filtered  and  the  fen'ic  oxide, 
well  washed  with  hot  wat4*r,  then  the  filtrate  cooled  and  titrated  with 
cyanide,  9*5  c.c.  only  being  required.  On  treating  the  ferric  oxide  on 
the  filter  with  nitric  acid,  neutralizing  with  NaHO  and  NH3  in  proper 
proportions  exactly,  2*5  c.c.  of  cyanide  were  rexjuited,  showing  that 
the  ferric  oxide*  hml  retained  20  per  cent,  of  the  C(>pper. 

I  strongly  recommend  that  operators  who  have  to  deal  with  copi)er 
determination  upon  samples  containing  much  iron,  should  practise  the 
use  of  the  cyanide  metlKsi  in  the  presence  of  the  iron,  and  accustom 
their  eyes  to  the  exact  colour  which  the  ferric  oxide  takes  when  the 
titration  is  finished,  always,  however,  with  this  proviso,  that  the 
cyanide  solution  is  standardized  ui)on  a  known  weight  of  copper  in 
the  presence  of  a  moderate  amount  of  iron. 

Tlie  solution  of  potassium  cyanide  should  be  titrated  afresh  at 
intervals  of  a  few  days.  Further  details  of  this  process  are  given  in 
§  58.8. 

Dulin  (Jour.  Aiiier.  Cfw/n.  Soc.  xvii.  346)  advocates  the  cyanide 
process  for  copper  ores  as  follows  : — 

Method  op  Pbocedube  :  The  ore  is  treated  in  the  way  described  in  §  58.3  to 
obtain  a  solution  of  the  copper  practically  free  from  silver  and  lead.      The 
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copper  id  then  precipitated  upon  aluminium  foil  as  there  mentioned.  Should 
cadmium  be  present  it  in  also  precipitated  to  some  extent,  but  only  after  the 
<?opj>er  in  thrown  down.  If  care  be  taken  to  stop  the  boiling  immediately  after 
the  copper  in  precipitated,  which  a  practised  eye  will  readily  detect,  the  amount 
of  cadmium  precipitated  \n  so  small  as  to  cause  no  sensible  error.  The  liquid 
bein^  decanted  from  the  copper  and  foil,  the  latter  are  washed  well  with  hot 
water,  taking  care  to  lose  no  metal ;  when  quite  clean,  dilute  nitric  acid  is  added 
and  boiled  till  the  copper  is  dissolved,  the  liquid  then  neutralized  with  excess  of 
ammonia,  and  titrated  with  cyanide  in  the  usual  way. 

5.    Estimation  as  Sulphide  (Felouze). 

It  is  firMt  necessary  to  liave  a  solution  of  pure  copper  of  known 
strength,  which  is  best  nia<le  by  dissolving  39*523  gm.  of  pure  cupric 
sulphate  in  1  liter  of  water ;  each  c.c.  will  contain  0*01  gm.  Cu. 

Precipitation  in  Alkaline  Solution. — Tliis  process  is  based  on 
the  fact  that  if  an  amnioniacal  solution  of  copi)er  is  heated  to  from 
40**  to  80**  C,  and  a  solution  of  sodium  sulphide  added,  the  whole  of 
the  copp<*r  is  precipitated  as  oxysulphide,  leaving  the  liquid  colourless. 
The  loss  of  colour  indicate.s,  therefore,  the  end  of  the  process,  and 
this  is  its  weak  point.  Special  ])ractice,  however,  will  enable  the 
operator  to  hit  the  exact  point  closely. 

Casaniajor  (C.  N.  xlv.  167)  uses  instead  of  ammonia  the  alkaline 
tartrate  solution  same  as  for  Feb  ling,  adding  a  slight  excess  so  as  to 
make  a  clear  blue  solution.  The  addition  of  the  sulphide  gives  an 
intense  black  brown  precipitate,  which  is  stirred  vigorously  till  clear. 
The  copper  sulphide  agglomerates  into  curds,  and  the  reagent  is  added 
until  no  further  action  occurs  with  a  drop  of  the  sodium  sulphide. 
This  modification  can  also  lie  use<l  for  lead.  PbSO^  is  easily  soluble 
in  the  tartrate  solution,  and  can  be  estimated  by  the  sodium  sulphide 
in  the  same  way  as  copper. 

The  colour  of  the  solution  is  not  regarded,  but  the  clotty 
precipitate  of  sulphide,  which  is  e^isily  cleared  by  vigorous  stirring. 
Very  goo<l  results  may  l)e  gained  by  this  modification. 

Copper  can  also  be  first  se])arated  by  glucose,  or  as  thiocyanate 
(Rivot),  then  dissolved  in  HN()3,  and  treated  with  the  tartrate. 

Precipitation  in  Acid  Solution. — The  copper  solution  is  placed 
in  a  small  stoppered  flask  of  tolerable  size  (400  or  500  c.c),  freely 
acidified  with  hydrochloric  acid,  then  diluted  with  about  200  c.c. 
of  hot  water. 

The  alkaline  sulpliide  is  then  delivered  in  from  a  burette,  the 
stopper  replaced,  and  the  mixture  well  shaken ;  the  precipitate  of 
copj)er  sulj>hide  settles  readily,  leaving  the  supernatant  liquid  clear ; 
fresh  sulphide  solution  is  then  at  intervals  added  until  no  more 
precipitate  occurs.  The  calculation  is  the  same  as  in  the  case 
of  alkaline  precipitation,  but  the  copper  is  precipitated  as  pure 
sulphide  instead  of  oxysulphide. 

6.    Estimation  by  Stannous  Chloride  (Weil). 

This  process  is  based  on  the  fact,  that  a  solution  of  a  cupric  salt  in 
large  excess  of  hydnxthloric  acid  at  a  boiling  heat  shows,  even  w^hen 
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the  smallest  trace  is  ])re^*<eiit,  a  greenish-yellow  colour.  If  to  such 
a  solution  stannous  chloride  is  added  in  minute  excess,  a  colourless 
cuprous  cliloride  is  produced,  and  the  loss  of  colour  indicates  the  end 
of  the  process. 

2CUCI2  +  SnClo  =  CugClg  +  SnCV 

The  change  is  easily  distinguishahle  to  the  eye,  but  should  any 
dou])t  exist  as  to  whether  stannous  chloride  is  in  excess,  a  small 
portion  of  the  solution  may  be  tested  with  mercuric  chloride.  Any 
precipitate  of  calomel  indicates  the  pre^Hince  of  stannous  chloride. 

Tlie  tin  solution  is  preixared  as  described  in  §  37.2. 

A  standard  copper  solution  is  made  by  dissolving  pure  copper 
sulphate  in  distilleil  water,  in  the  proportion  of  39*523  gm.  per 
liter  =  10  gm.  of  Cu. 

Method  of  Procedure  for  Copper  alone.— 10  c.c.  of  the  copper 

solution  =  0*1  gm.  of  Cu  are  put  into  a  white-glass  flask,  26  c.c.  of  pure  strong 
hydrochloric  acid  added,  placed  on  a  aand-bath  and  brought  to  boiling  heat ;  the 
tin  solution  is  then  quickly  delivered  in  from  a  burette  until  the  colour  is  nearly 
destroyed,  finally  a  drop  at  a  time  till  the  liquid  is  as  colourless  as  distilled  water. 
No  oxidation  will  take  place  during  the  boiling,  owing  to  the  flask  being  filled 
with  acid  vapours. 

A  sample  of  copper  ore  is  prepared  in  the  usual  i\'ay  by  treatment  with  nitric 
acid,  which  is  afterwards  removed  by  evaporating  with  sulphuric  a^id.  Silica, 
lead,  tin,  silver,  or  arsenic,  are  of  no  consequence,  as  when  the  solution  is  diluted 
with  water  to  a  definite  volume,  the  precipitates  of  these  substances  settle  to  the 
bottom  of  the  measuring  flask,  and  the  clear  liquid  may  be  taken  out  for  titration. 
In  case  antimonic  acid  is  present  it  will  be  reduced  with  the  copper,  but  on 
exposing  the  liquid  for  a  night  in  an  o|)en  basin,  the  copper  will  be  completely 
re-oxidized  but  not  the  antimony ;  a  second  titration  will  then  show  the  amount 
of  copper. 

Method  of  Procedure  for  Ores  containing  Copper  and  Iron. 

— In  the  case  of  copper  ores  where  iron  is  also  present,  the  quantity  of  tin 
solution  required  will  of  course  represent  both  the  iron  and  the  copper.  In  this 
case  a  second  titration  of  the  original  solution  is  made  with  zinc  and  perman- 
ganate^ and  the  quantity  so  found  is  deducted  from  the  total  quantity;  the 
amount  of  tin  solution  corresi)onding  to  coi)per  is  thus  found. 

Example:  A  solution  was  prepared  from  10  gm.  of  ore  and  diluted  to 
250  c.c. ;  10  c.c.  required  26*75  c.c.  of  tin  solution  whose  strength  was  16*2  c.c. 
for  O'l  gm.  of  Cu. 

10  c.c.  of  ore  solution  were  diluted,  warmed,  zinc  and  platinum  added  till 
reduction  was  complete,  and  the  solution  titrated  with  permanganate  whose 
quantity  =  00809  gm.  of  Fe. 

The  relative  strength  of  the  tin  solution  to  iron  is  18'34  c.c.  =  0*1  gm.  of  Fe: 

thlLS  — 

63         :         56         =01     :     00888. 

therefore  01  gm.  of  Cu  =  00888  gm.  of  Fe=16-2  c.c.  of  SuClj 
whence     00888     :    01  =  16*2     :     1834 
thus         00809  Fe  (found  above)  =  14*837  c.c.  of  SnClj 
0*1     :     00809=18*34     :     14*837  hence 

Iron  and  copper  =     26*750  c.c.  SnCl- 

Subtract  for  iron  =     14*837 


Leaving  for  Copper  11*913 

10  c.c.  of  ore  solution  therefore  contained  16*2  :  01  :  :   11*913  =  00735  gm.  of 

O 
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Cu,  and  as  10  gm.  of  ore =250  c.c.  contained  1-837  gm.  of  Cu=*18'37  per  cent. 
Anal^'vis  by  weight  as  a  control  gave  18*34  per  cent.  On. 
Fe  volumetrically  20*25  per  cent.,  by  weight  2010  per  cent. 

The  metliod  is  specially  adapted  for  tll^  technical  analysis  of 
fahl-ores. 

7.    Volhard's  method. 

The  necessary  standard  solutions  are  described  in  g  43.  Each  c.c. 
of  ^/lo  thiocyanate  represents  0*0063  gin.  Cu. 

Method  of  Phocedure  :  The  copi)er  in  sulphuric  or  nitric  acid  solution  is 
evaporated  to  remove  excess  of  acid,  or  if  the  acid  is  small  in  quantity  neutralized 
with  sodium  carbonate,  washed  into  a  300  c.c.  flask,  and  enough  aqueous  solution 
of  80j  added  to  dissolve  the  traces  of  basic  carbonate  and  leave  a  distinct  smell 
of  SO].  Heat  to  boiling,  and  run  in  from  a  burette  the  thiocj'anate  until  the 
addition  produces  no  change  of  colour,  add  3  or  4  c.c,  and  note  the  entire 
quantity,  allow  to  cool,  fill  to  mark,  and  shake  well.  100  c.c.  are  then  filtered 
through  a  dry  filter,  10  c.c.  of  ferric  indicator  with  some  nitric  acid  added,  then 
titrated  with  ^/lo  silver  till  coloiurless :  then  again  thiocyanate  till  the  reddish 
colour  occurs.  The  volume  of  silver  solution,  less  the  final  correction  with 
thiocyanate,  deducted  from  the  original  thiocyanate,  will  give  the  volume  of  the 
lattelr  required  to  precipitate  the  copper. 

The  process  is  not  accurate  in  presence  of  Fe,  Ag,  Hg,  CI,  1  or  Br. 

8.    Technical  Examination  of  Copper  Ores  (Steinbeck's 

Process). 

In  1867  the  Directors  of  the  Mansfield  Copper  Mines  offered 
a  premium  for  the  hest  method  of  examining  these  ores,  the  chief 
conditions  heing  tolerable  accuracy,  simplicity  of  working,  and  the 
l)08sibility  of  one  operator  making  at  l(?ast  eighteen  assays  in  the  day. 

The  fortimate  competitor  was  Dr.  Steinbeck,  whose  process 
satisfied  completely  the  requirements.  The  whole  report  is  contained 
in  Z.  a.  C.  viii.  1,  and  is  also  translated  in  C.  N.  xix.  181.  The 
following  is  a  condensed  resuwp  of  the  process,  the  final  titration  of 
the  copper  l)eing  accomplished  by  potassium  cyanide  as  in  §  58.4. 
A  very  convenient  arrangement  for  filling  the  burette  with  standard 
solution  where  a  series  of  analyses  lias  to  be  made,  and  the  burette 
continually  emptie<l,  is  shown  in  fig.  43  ;  it  may  be  refilled  by  simply 
blowing  ui>on  the  surface  of  the  liquid. 

{a)    The  extraction  of  the  Copper  firom  the  Ore.— 5  gm.  of 

imlverized  ore  are  put  into  a  flask  with  from  40  to  50  c.c.  of  hydrochloric  acid 
(specific  gravity  116),  wliereby  all  carbonates  are  converted  into  chlorides,  while 
carbonic  acid  is  expelled.  After  a  while  there  is  added  to  the  fluid  in  the  flask 
6  c.c.  of  a  special  nitric  acid,  prepared  by  mixing  equal  bulks  of  water  and  pure 
nitric  acid  of  1*2  sp.  gr.  As  regards  certain  ores,  however,  specially  met  with  in 
the  district  of  Mansfield,  some,  having  a  very  high  percentage  of  sulphur  and 
bitumen,  have  to  be  roasted  i)revious  to  being  subjected  to  this  process;  and 
others,  again,  require  only  1  c.c.  of  nitric  acid  instead  of  6.  The  flask  containing 
the  assay  is  digested  on  a  sand-bath  for  half  an  hour,  and  the  contents  boiled  for 
about  fifteen  minutes ;  after  which  the  whole  of  the  copper  occurring  in  the  ore, 
and  all  other  metals,  are  in  solution  as  chlorides.  The  blackish  residue,  consisting 
of  sand  and  schist,  has  been  proved  by  numerous  experiment*  to  be  either  entireh* 
free  from  copi)€r,  or  to  contain  at  the  most  only  O'Ol  to  0*03  per  cent. 
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(b)  Separation  of  the  Copper.— The  solution  o(  tnetalUc  &nd  earthy 
chloriden,  and  some  fo*  HCl,  obtained  an  jiat  dencribed.  ie  separated  by  filtration 
from  the  int<otuble  residue,  and  t)ie  fluid  run  into  a  covered  beaker  of  about  400 
c.c.  capacity.  In  this  beaker  a  rod  of  metallic  zinc,  weif^hing  about  60  gm.,  lias 
been  previously  placed,  raateued  to  a  piece  or  stout  iiUtiQum  foil.  The  zinc  to 
be  used  for  this  purpose  should  be  a<  much  aa  possible  free  from  1«m1,  and  at  any 
rate  should  not  contain  more  than  from  O'l  to  0'8  per  cent,  of  the  latter  metal. 
The  precipitation  of  the  ropjier  in  the  metallic  slate  setn  in  already  during  the 
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nitration  of  the  narin  and  concentrated  fluid,  and  is,  owin^  especially  also  to  the 
entire  ab-ence  of  nitric  acid,  completely  finished  in  from  half  lo  Ihree-quarten' 
of  an  hour  after  the  l>i>)riiinin^  of  the  filtration.  If  the  fluid  be  tested  nith  SHj 
no  trace  of  copper  ran  or  should  be  detected ;  the  spongy  metal  |iartly  covers 
the  platinum  foil,  partly  floats  about  in  the  liquid,  and  in  case  either  the  ore 
itself  or  the  zinc  applied  in  the  experiment  contained  lead,  small  quantities  of 
thai  metal  »nll  accomjiany  tl»  precipitated  cop|ier.  After  the  excess  of  zinc  (for 
an  excess  must  alwai's  Iw  employed)  has  been  removed,  the  metal  is  re))ealedl,v 
and  carefidty  washed  by  decantatiou  with  fresh  water,  and  care  taken  to  collect 
together  every  particle  of  the  spongy  mass. 

('')  Estimation  of  the  precipitated  Copper.— To  the  si-on^y 
metallic  aanf  in  the  beaker  ),'la»»,  nherein  the  platinum  foil  ix  left,  since  suuie  of 
the  metal  adheres  to  it,  8  c.c.  of  the  special  nitric  acid  aw  added,  and  Hie  copper 
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dissolved  by  the  aid  of  moderate  heat  in  the  form  of  cupric  nitrate,  which,  in 
the  event  of  any  small  quantity  of  lead  beinjc  present,  will  of  course  be 
contaminated  \%ith  lead. 

When  copper  ores  are  dealt  vriih  containing  above  6  per  cent,  of  copper,  which 
may  be  approximately  estimated  from  the  bulk  of  the  spongy  mass  of  precipitated 
metal,  16  c.c.  of  nitric  acid,  iastead  of  8,  are  applied  for  dissolving  the  metaL 
The  solution  thus  obtained  is  left  to  cool,  and  next  mixed,  immediately  before 
titration  with  cyanide,  with  10  c.c.  of  special  solution  of  liquid  ammonia, 
prepared  by  diluting  1  volume  of  liquid  ammonia  (sp.  gr.  0'93)  with  2  volumes 
of  distilled  water. 

The  titration  with  cvunide  is  conducted  as  described  in  §  58.4. 

In  the  case  of  such  ores  as  yield,  over  6  per  cent,  of  copper,  and  when  a  double 
quantity  of  nitric  acid  has  consequently  been  used,  the  solution  is  diluted  with 
water,  and  made  to  occupy  a  bulk  of  100  c.c. ;  this  bulk  is  then  exactly  divided 
into  two  portions  of  60  c.c.  each,  and  each  of  these  separately  mixed  with  10  c.c. 
of  ammonia,  and  the  copper  therein  volumetrically  determined.  The  deep  blue 
coloured  solution  only  contains,  in  addition  to  the  copper  com{K)und,  ammonium 
nitrate ;  any  lead  which  might  have  been  dissolved  liaving  been  precipitated  as 
hydrated  oxide,  which  does  not  interfere  with  the  titration  with  cyanide.  The 
solution  of  the  last-named  salt  is  so  arranged,  that  1  c.c.  thereof  exactly  indicates 
0  005  gm.  of  copper  (about  21  gm.  of  the  piu^  salt  i)er  liter).  Since,  for  every 
assay,  5  gm.  of  ore  have  been  taken,  1  c.c.  of  the  titration  fluid  is  equal  to  0*1 
per  cent,  of  copper,  it  hence  follows  that,  by  multiplying  the  number  of  c.c.  of 
cyanide  solution  used  to  make  the  blue  colour  of  the  copper  solution  disappear 
by  0*1,  the  percentage  of  copper  contained  in  the  ore  is  immediately  ascertained. 

Steinbeck  tested  this  method  specially,  in  order  to  see  wliat 
influence  is  exercised  thereupon  by  (1)  ammonium  nitrate,  (2)  caustic 
ammonia,  (3)  lead.  The  copper  used  for  the  experiments  for  this 
purpose  was  pure  metal,  obtained  by  galvanic  action,  and  was  ignited 
to  destroy  any  organic  matter  wiiich  might  accidentally  adhere  to  it, 
and  next  cleaned  by  i)lacing  it  in  dilute  nitric  acid.  5  gm.  of  this 
metal  were  placed  in  a  liter  flask,  and  dissolved  in  266*6  c.c.  of  special 
nitric  acid,  the  flask  gently  heated,  and,  after  c<x>ling,  the  contents 
diluted  with  water,  and  thus  l^rought  to  a  bulk  of  1000  c.c.  30  c.c. 
of  this  solution  were  always  applied  to  titrate  one  and  the  same  solution 
of  cyanide  under  all  circumstances.  When  5  gm.  of  ore,  containing 
on  an  average  3  per  cent,  of  copper,  are  Uiken  for  assjiy,  that  quantity 
of  copper  is  exactly  e([ual  to  0*150  gm.  of  the  chemically  pure  copper. 
The  (piantity  of  nitric  acid  taken  to  dissolve  5  gm.  of  pure  copper 
(266*6  c.c.)  was  purposely  taken,  so  as  to  c(»rrespond  with  the  quantity  of 
8  c.c.  of  special  nitric  acid  which  is  applied  in  the  assay  of  the  copper 
obtained  from  the  oi-e,  and  this  quantity  of  acid  is  exactly  met  with  in 
30  c.c.  of  the  solution  of  pure  copper. 

The  influence  of  double  quantities  of  ammonium  nitrate  and  free 
caustic  ammonia  (the  quantity  of  copper  remaining  the  same)  is  shown 
as  follows  : — 

(a)  30  c.c.  of  the  normal  solution  of  copj>er,  cont-iining  exactly  0*150  gm.  of 
copper,  were  rendered  alkaline  with  10  c.c.  of  8i)ecial  ammonia,  and  were  found 
to  require,  for  entire  decoloration,  29*8  c.c.  of  cyanide.  A  second  experiment, 
again  \*ith  30  c.c.  of  copjier  solution,  and  otherwise  under  identically  the  same 
conditions,  required  29'9  c.c.  of  cyanide.     The  avera^^e  is  29*85  c.c. 

(A)  When  to  30  c.c.  of  the  copper  solution,  first  8  c.c.  of  si)ecial  nitric  acid 
are  added,  and  then  20  c.c.  of  sj>ecial  ammonia  instead  of  only  8,  whereby  the 
quantity  of  free  ammonia  and  of  ammonium  nitrate  is  double  wliat  it  was  in  the 
case  of  or,  there  is  required  of  the  same  cyanide  300  c.c.  to  produce  decoloration. 
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A  repetition  of  the  experiment,  exactly  under  the  same  conditions,  gave  30"4  c.c. 
of  the  cyanide ;  the  average  is,  therefore,  30*35  c.c.  The  diflferenoe  amounts  to 
only  0*05  per  cent,  of  copper,  which  may  be  allowed  for  in  the  final  calculation. 

\Mien,  however,  large  quantities  of  ammoniacal  salts  are  present  in 
the  fluid  to  be  assayed  for  cop|>er,  by  means  of  cyanide,  and  especially 
when  ammonium  carbonate,  sulphate,  and  worse  still,  chloride  are 
simultaneously  present,  these  salts  exert  a  very  disturbing  influence.* 
The  presence  of  lead  in  the  copper  solution  to  l^e  assayed  has  the  effect 
of  producing,  on  tlie  addition  of  10  c.c.  of  normal  ammonia,  a  milkine.sa 
with  the  blue  tint ;  but  this  does  not  at  all  interfere  with  the  estima- 
tion of  the  copper  by  means  of  the  cyanide,  provided  tlie  lead  be  not 
in  great  excess ;  and  a  slight  milkine.ss  of  the  solution  even  promotes 
the  visibility  of  the  approaching  end  of  the  operation. 

Steinbeck  purposely  made  some  experiments  to  test  this  i>oint,  and 
his  results  show  that  a  moderate  quantity  of  lead  has  no  influence. 

Experiments  were  also  carefully  made  to  ascertain  the  influence  of 
zinc,  the  result  of  which  showed  that  up  to  5  ]Xir  cent,  of  the  copj)er 
present,  the  zinc  had  no  disturbing  action;  but  a  considerable  variation 
occurred  as  the  iH^rcentage  increased  above  that  projxjrtion.  Care  must 
therefore  always  be  taken  in  washing  the  spongy  copper  precipitated 
from  the  ore  solution  by  means  of  zinc. 

Tlie  titration  must  always  take  place  at  ordinary  temperatures, 
since  heating  the  ammoniacal  solution  while  under  titration  to  40"*  or 
45**  C.  considerably  reduces  tlie  quantity  of  cyanide  required. 

0.    Estimation  of  Copper  by  Colour  Titration. 

This  method  can  be  adopted  with  very  accurate  results,  as  in  the 
case  of  iron,  and  is  available  for  slags,  poor  cupreous  pyrites,  waters, 
etc.  (see  Carnelly,  C.  N.  xxxii.  308). 

The  reagent  used  is  the  same  as  in  the  case  of  iron,  viz.,  potassium 
ferrocyanide,  which  gives  a  purple-bro>vn  colour  with  very  dilute 
solutions  of  copper.  This  reaction,  however,  is  not  so  delicate  as  it  is 
with  iron,  for  1  part  of  the  latter  in  1 3,000,000  i)arts  of  water  can  ])e 
detecte<l  by  means  of  jn^tassium  ferrocyanide;  while  1  part  of  copper 
in  a  neutral  solution,  containing  ammonium  nitrate,  can  only  1h» 
detected  in  2,500,000  parts  of  water.  Of  the  coloured  reactions  which 
copper  gives  with  different  reagents,  those  with  sulj)huretted  hydrogen 
and  potassium  ferrocyanide  are  by  far  the  most  delicate,  both  showing 
their  respective  colours  in  2,500,000  parts  of  water. 

Of  the  two  reagents  sulphuretted  hydrogen  is  the  most  delicate;  but 
potassium  ferrocyanide  has  a  decided  advantage  over  sulphuretted 
hydrogen  in  the  fact  that  lead,  when  not  present  in  too  large  quantity, 
does  not  interfere  with  the  depth  of  colour  obtained,  whereas  to 
sulphuretted  hydrogen  it  is,  as  is  well  known,  very  sensitive.! 

*  I  haye  retained  this  technical  process  in  its  original  form,  notwithstandiniar  the  use  of 
ammonia,  because  it  is  STStematic,  and  the  results  obtained  by  it  are  all  comparable  among 
themseWes.  Of  course  soda  or  potash  may  be  used  in  place  of  ammonia,  if  the  cyanide  is 
standardized  with  them. 

tin  colour  titrations  of  this  character  it  is  essantial  that  the  comparisons  be  made  under 
the  same  circumstances  as  to  temperature,  dilution,  and  admixture  of  foreign  substances, 
otherwise  serious  errors  will  ariea. 
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And  though  iron  if  present  would,  without  special  precaution  being, 
taken,  prevent  the  determination  of  copper  ])y  means  of  ferrocyanide ; 
yet,  ]>y  the  method  as  described  below,  the  amounts  of  these  metals 
contained  together  in  a  solution  can  bo  estimated  by  this  reagent. 

Ammonium  nitrate  renders  the  reaction  much  more  delicate ;  other 
salts,  as  ammonium  chloride  and  j)otassium  nitrate,  have  likewise  the 
same  effect. 

The  method  of  analysis  consists  in  the  comparison  of  the  purple- 
brown  colours  produce*!  by  adding  to  a  solution  of  potassium  ferrocyanide 
— first,  a  solution  of  copper  of  known  strength ;  and,  secondly,  the 
sohition  in  which  the  copper  is  to  be  determined. 

The  solutions  and  materials  required  are  as  follows  : — 

(1)  Standard  copper  solution. — Prepared  by  dissolving  0*395  gm. 
of  pure  Cu80^,  5H.2O  in  one  liter  of  water.     1  c.c.=0'l  m.gm.  Cu. 

(2)  Solution  of  ammonium  nitrate. — Made  by  dissolving  100  gm. 
of  the  salt  in  one  liter  of  water. 

(3)  Potassium  ferrocyanide  solution — 1   :  25. 

(4)  Two  glass  cylinders  holding  rather  more  than  1 50  c.c.  each,  the 
point  equivalent  to  that  volume  being  marked  on  the  glass.  They 
must  both  be  of  the  same  tint,  and  as  colourless  as  i)ossible. 

A  burefcte,  graduated  to  ^^  c.c.  for  the  copper  solution ;  a  5  c.c. 
pipette  for  the  ammonium  nitrate ;  and  a  small  tube  to  deliver  the 
ferrocyanide  in  drops. 

Method  of  Pboceduhe  :  Five  drops  of  the  potassium  ferrocyanide  are 
placed  in  each  cylinder,  and  then  a  measured  quantity  of  the  neutral  solution  in 
which  the  copper  is  to  be  determined  is  placed  into  one  of  them,  and  both  filled 
up  to  the  mark  with  distilled  water,  5  c.c.  of  the  ammonium  nitrate  solution 
added  to  each,  and  then  the  standard  copper  solution  ran  gradually  into  the 
other  till  the  colours  in  both  cylinders  are  of  the  same  depth,  the  liquid  being 
well  stirred  after  each  addition.  The  number  of  c.c.  used  are  then  read  oflP. 
Each  c.c.  corresponds  to  01  m.gm.  of  copi)er,  from  which  the  amount  of  copper 
in  the  solution  in  question  can  be  calculated. 

The  solution  in  which  tlie  copper  is  to  be  estimated  must  be  neutral ; 
for  if  it  contain  free  acid  the  latter  lessens  the  depth  of  colour,  and 
changes  it  from  a  {uirple-brown  to  an  earthy-brown.  If  it  should  be 
acid,  it  is  rendered  sliglitly  alkaline  with  ammonia,  and  the  excess  of 
the  latter  got  rid  of  by  ])oiling.  The  solution  must  not  be  alkaline,  as 
the  bro>vii  coloration  is  soluble  in  ammonia  and  decomposed  by  potash 
or  soda ;  if  it  be  alkaline  from  ammonia,  thi?  is  remedied  as  before  by 
boiling  it  off;  while  free  j)otash  or  soda,  should  they  be  present,  are 
neutralized  by  an  acid,  and  the  latter  by  ammonia. 

Lead,  when  present  in  not  too  large  quantity,  has  little  or  no  effect 
on  the  accniracy  of  the  method.  The  precipitate  obtained  on  adding 
iwtassium  ferrocyanide  to  a  lead  salt  is  white ;  and  this,  except  when 
present  in  comparatively  large  (quantity  with  respect  to  the  copper, 
does  not  interfere  with  the  comparison  of  the  colours. 

When  copper  is  to  be  estimated  in  a  solution  containing  iron,  the 
following  method  is  adopted  : — 

A  few  drops  of  nitric  acid  are  added  to  the  solution  in  order  to  oxidize  the  iron, 
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the  liquid  evaiK)rated  to  a  small  bulk,  and  the  iron  precipitated  by  ammonia. 
Even  when  very  small  quantities  of  iron  are  present,  this  can  be  done  easily  and 
completely  if  there  be  only  a  very  small  quantity  of  fluid.  The  precipitate  of 
ferric  oxide  is  then  filtered  off,  washed  once,  dissolved  in  nitric  acid,  and  re- 
precipitated  by  ammonia,  filtered  and  washed.  The  iron  precipitate  is  now  free 
from  copper,  and  in  it  the  iron  can  be  estimated  by  dissolving  in  nitric  acid, 
making  the  solution  nearlv  neutral  with  ammonia,  and  determining  the  iron  by 
the  method  in  §  64.4.  The  filtrate  from  the  iron  precipitate  is  boiled  till  the 
ammonia  is  completely  driven  off,  and  the  copper  estimated  in  the  solution  so 
obtained  as  already  described. 

When  the  solution  containing  cop|)er  is  too  dilute  to  give  any 
coloration  directly  with  ft*rrocyanitle,  a  measured  quantity  of  it  must 
l>e  evaporated  to  a  small  bulk,  and  filtered  if  necessary ;  and  if  it 
contain  iron,  also  tit»ated  as  already  described. 

In  tbe  determination  of  copper  and  iron  in  water,  for  which  the 
method  is  specially  applicable,  a  measured  cpiantity  is  evajM>rated 
to  dryness  with  a  few  drops  of  nitric  acid,  ignited  to  got  rid  of  any 
organic  matter  that  might  (colour  the  liquid,  dissolved  in  a  little  boiling 
water  and  a  drop  or  two  of  nitric  acid  ;  if  it  is  not  all  soluble  it  does 
not  matter.  Anunc>nia  is  next  a<lded  to  precipitate  the  iron,  the  latter 
filtered  off,  washed,  re-dissolved  in  nitric  acid,  and  again  precipitated 
by  ammonia,  filtered  ott\  and  washed.  Tbe  filtrate  is  added  to  the 
one  previously  obtained,  the  iron  estimated  in  the  precipitate,  and  the 
copper  in  the  imited  filtrates. 

There  is  in  use  at  several  copi)er  works  what  is  known  as  Heines 
"blue  test,"  that  is  an  ammoniacal  solution  of  coi)per,  but  th(j  difficulty 
has  lKM»n  to  keep  strictly  correct  standards  for  comparison  except  they 
are  freshly  made.  (J.  L.  Heath  (J,  Am.  C.  S.  xix.  21)  has  solved 
this  difficulty  by  making  the  standard  from  copper  sulphate  instead  of 
nitrate. 

Method  of  Procedvbe  :  About  0*3  gm.  of  pure  copi)er  is  dissolved  in  5  c.c. 
each  of  nitric  acid  (sp.  gr.  1'4)  and  sulphuric  acid  (sp.  gr.  1*84).  Evaporate 
carefully  till  fumes  of  the  hitter  acid  are  given  off.  When  cold  dissolve  in  25  c.c. 
of  water  and  add  ammonia  in  sufficient  excess  to  give  a  clear  solution.  This  is 
then  diluted  with  weak  ammonia,  about  I  :  6,  and  graduated  so  that  each  (\c. 
sliall  represent  0'()025  gm.  Cu.  Standards  can  then  be  made  up  so  that  200  c.c. 
diluted  with  the  weak  ammonia  shall  contain  from  O'l  to  1*3  gm.  of  Cu.  The 
standards  are  kept  in  tall  well-stopi)ered  cylinders  of  white  glass  marked  at 
200  c.c.  and  kept  cool  and  free  from  sunlight  and  last  a  long  time. 

The  method  is  generally  in  use  for  lean  blast  furnace  slags,  such  as  contain  a 
g<x)d  deal  of  iron,  and  alumina,  and  lime.  The  method  for  these  samples  is  as 
follows:-  25  gm.  of  the  finely  ground  material  are  heated  in  a  porcelain  dish  with 
15  c.c.  of  nitric  acid,  and  after  adding  5  c.c.  of  sulphuric  acid  the  evaporation  is 
continued  until  the  mass  has  become  a  thick,  but  rather  soft,  paste ;  it  is  then 
treated  with  70  c.c.  of  water  to  dissolve  the  copi)er  sulphate,  and  30  c.c.  of 
ammonia  are  added.  The  liquid  is  filtered,  and  the  residue  after  being  twice 
washed  with  10  c.c.  of  dilute  ammonia  (1  :  10),  is  rinsed  htu'k  into  the  dish, 
using  50  c.c.  of  ^^-ater,  taking  tvire  not  to  damage  the  filter,  and  enough  sulphuric 
acid  is  added  to  redissolve  the  iron  and  alumina;  25  c.c.  of  ammonia  are  again 
added,  and  the  filtrate  and  ammoniacal  iinshings  are  mixed  with  the  main  filtrate, 
which  is  then  transferred  to  one  of  the  tall  cylinders  of  thin,  colourless  gla«s,  and 
made  up  with  dilute  ammonia  to  200  c.c.  The  colour  of  the  liquid  is  compared 
with  those  of  a  series  of  copi)er  solutions  of  known  strength  contained  in  similar 
cylinders.  The  colour  is  b«»t  seen  by  placing  the  sample  and  standard  cylinder 
in  front  of  a  window,  and  with  a  piece  of  white  paper  behind  them. 
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CYANOGEN. 

CN  =  26. 

1  c.c.  ^/lo  silver  solution  =  0*0052  gm. 

Cyanogen. 
=  0-0054  gm. 

Hydrocyanic  acid. 
=  0-01302  giin. 

Potassium  cyanide. 
„    ^/lo  iodine  solution  =  0*003255  gm. 

Potassium  cyanide. 

1.    By  Standard  Silver  Solution  (Liebig). 

§  59.  This  ready  and  accurate  method  of  estimating  cyanogen  in 
prussic  acid,  alkaline  cyanides,  etc.,  was  discovered  by  Liebig,  and  is 
fully  described  in  Ann.  der  Cliein.  und  PJud-vk  Ixxvii.  102.  It  is 
based  on  the  fact  that  when  a  solution  of  silver  nitrate  is  added  to 
an  alkaline  solution  containing  cyanogen,  with  constant  stirring,  no 
permanent  precipitate  of  silver  cyanide  occurs  until  all  the  cyanogen 
has  combined  with  the  alkali  and  the  silver,  to  form  a  soluble  double 
salt  (in  the  presence  of  potash,  for  example,  KCy,  AgCy).  If  the 
slightest  excess  of  silver,  over  and  above  the  quantity  required  to  form 
this  combination,  be  added,  a  permanent  precipitate  of  silver  cyanide 
occurs,  the  double  compound  being  destroyed.  If,  therefore,  the  silver 
solution  be  of  known  strength,  the  quantity  of  cyanogen  present  is 
easily  foiuid;  1  eq.  of  silver  in  this  case  being  equal  to  2  eq.  cyanogen. 

So  fast  is  this  double  combination,  that,  when  sodium  chloride 
is  present  no  permanent  precipitate  of  silver  chloride  occurs,  until 
the  quantity  of  silver  necessary  to  form  the  compound  is  slightly 
overstepped. 

Siebold,  however,  has  pointed  out  that  this  process,  in  the  case  of 
free  hydrocyanic  acid,  is  liable  to  serious  errors  unless  the  following 
precautions  are  observed  : — 

(a)  The  solution  of  sodium  or  potassium  hydrate  should  be  placed  in  the 
beaker  first,  and  the  hydrocj'anic  acid  added  to  it  from  a  burette  dipping  into  the 
alkali.  If,  instead  of  this,  the  acid  is  placed  in  the  beaker  first,  and  the  alkaline 
hydrate  added  afterwards,  there  may  be  a  slight  loss  by  evaporation,  which 
becomes  appreciable  whenever  there  is  any  delay  in  the  addition  of  the  alkali. 

(b)  The  mixture  of  hydroc3ranic  acid  and  alkali  should  be  largely  diluted  with 
water  before  the  silver  nitrate  is  added.  The  most  suitable  proportion  of  water  is 
from  ten  to  twenty  times  the  volume  of  the  ofiicinal  orofScheele's  acid.  With 
such  a  degree  of  dilution,  the  final  point  of  the  reaction  can  be  observed  with 
greater  precision. 

(c)  The  amoimt  of  alkali  used  should  be  as  exactly  as  possible  that  required 
for  the  conversion  of  the  hydrocyanic  acid  into  alkaline  cyanide,  as  an  in- 
sufficiency or  an  excess  both  aflfect  the  accuracy,  of  the  result.  It  is  iidvisable  to 
make  first  a  rough  estimation  with  excess  of  soda  as  a  guide,  then  finish  with  a 
solution  as  neutral  as  x)os8ible.  As  a  guide  to  the  neutrality,  or  rather  the  slight 
amount  of  alkalinity  of  the  solution,  a  little  indicator  C4B  may  be  used,  which 
gives  a  red  colour  with  alkaline  hydroxides,  but  is  not  acted  upon  by  HCy  or 
alkaline  cyanides. 

L.  W.  Andrews  ((7.  X,  Ixxxviii.  239)  has  devised  another  method 
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for  the  estimation  of  hydrocyanic  acid  and  cyanich's  which  rwiuircs  the 
following  solutions : — 

a,  decinonnal  solutions  of  hydrochloric  acid  and  of  potaHsium  (or  sodium) 
hydroxide ;  b,  a  nearly  saturated  solution  of  mercuric  chloride,  containing  about 
4f0  gm.  of  the  pure  re-crystallized  salt  per  litre.  The  exact  strength  of  this 
solution  need  not  be  known ;  r,  a  saturated  solution  of  pure  paranitrophenol  in 
water.  Thh»  is  to  be  preferred  to  the  solution  in  alcohol  often  recommended  as 
an  indicator.  The  aqueous  solution  keeps  indefinitely  in  the  light  or  in 
the  dark. 

To  determine  hydrocyanic  acid  or  a  simple  cyanide,  dilute  the  solution  till 
it  contains  not  more  than  about  1  per  cent,  of  hydroc^Tinic  acid  and  add  2 
drops  of  nitrophenol  solution.  If  this  imparts  a  yellow  colour,  add  deoi- 
nomial  hydrochloric  acid  until  the  colour  has  all  but  disappeared ;  if  it  is 
colourless,  add  deci normal  i)ota.<«8ium  hydroxide  till  the  solution  shows  a  very 
pale  yellow.  Now,  add  an  excess  of  the  mercuric  chloride  solution  (usually 
15  or  20  c.c),  stir  and  allow  to  stand  for  one  hour  at  the  temperature 
of  the  air. 

Example  :  A  solution  of  hydrocyanic  acid  which  had  by  grayimetrio  analysis 
been  found  to  contain  3*40  per  cent.,  was  analyzed  by  the  above  method.  For 
that  purpose,  50  c.c.  were  measured  by  a  pii)ette  into  a  500  c.c.  flask,  filled  to  the 
mark,  and  shaken.  Five  c.c.  of  this  solution  were  mixed  w^itli  10  c.c.  of  an 
approximately  decinormal  mercuric  chloride  solution,  allowed  to  stand  for  an 
hour,  and  then  titrated  as  described.  Required,  6*30  c.c.  of  */io  KOH, 
equivalent  to  0*01704  gni.  of  hydrocyanic  acid,  or  3'408  jHjr  cent,  found. 

For  estimation  of  cyanides  in  the  presence  of  a  chloride,  Gatehousu 
adopts  the  following  method  : — 

Measure  out  a  definite  amount  of  the  solution  containing  the  cyanide  and 
chloride.  Bun  into  it  from  a  burette  a  decinormal  solution  of  AgNOj,  until 
a  permanent  turbidity  appears.  At  this  stage  of  the  process  each  c.c.  of 
AgNOj  solution  which  has  been  used  will  corres]K)nd  to  0*013036  gm.  of 
KCN.  Note  the  reading  of  the  burette,  and  run  into  the  solution  the  same 
volume  of  silver  solution  as  was  required  to  form  the  permanent  precipitate, 
and  a^in  note  the  reading.  From  this  point  the  AgNOs  added  is  used  in 
precipitating  the  chloride.  Then  add  a  few  drops  of  K2Cr04  solution  free 
from  chloride,  and  judging  the  end  of  the  reaction  by  the  appearance  of  the 
dark  red  silver  chromate,  estimate  the  chloride  in  the  usual  manner. 

Caution.— In  using  the  pipette  for  measuring  hydrcM'yanic  acid,  it  is 
a«U  isable  to  insert  a  plug  of  cotton  wool,  slightly  moistened  with  silver 
nitrate,  into  the  upj>er  end,  so  as  to  avoid  the  danger  of  inhaling  any 
of  the  acid  ;  otherwise  it  is  decidedly  preferable  to  weigh  it. 

2.    By  Standard  Mercuric  Chloride  (Hannay). 

This  convenient  method  is  fully  described  by  the  author  (J,  C.  S, 
1878,  245),  and  is  well  adai)ted  for  the  technical  examination  of 
commercial  cyanides,  etc.,  giving  good  results  in  the  presence  of 
cyanates,  sulphocyanates,  alkaline  salts,  and  comi)ounds  of  ammonia 
and  silver. 

The  standard  solution  of  mercury  is  made  by  dissolving  13*537  gm. 
HgClj  in  water,  and  diluting  to  a  liter.  Each  c.c. =0*00651  gm.  of 
potassium  cyanide  or  0*0026  gm.  Cy. 

Method  op  Procedure  :  The  cyanide  is  dissolved  in  water,  and  the  beaker 
placed  upon  black  paper  or  velvet ;  ammonia  is  then  added  in  moderate  quantity. 
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and  the  mercuric  solution  cautiously  added  with  constant  stirring  until  a  bluish- 
white  opalescence  is  permanently  produced.  With  pure  substances  the  reaction 
is  very  delicate,  but  not  so  accurate  with  impure  mixtures  occurring  in 
commerce. 

3.    By  Iodine  (Fordos  and  Gelis). 

This  process,  which  is  priiiciimlly  applica})le  to  alkaline  cyanides, 
depends  on  the  fact,  that  wlien  a  solution  of  iodine  is  added  to  one 
of  potassium  cyanide,  the  iodine  loses  its  colour  so  long  as  any 
undecomposed  cyanide  remains.  Tlie  reaction  may  be  expressed  by 
the  follo>\4ng  formula  : — 

CyK  +  2I=IK+ICy. 

Therefore,  2  eq.  iodine  represent  1  eq.  cyanogen  in  combination ;  so 
that  1  c.c.  of  ^/lo  iodine  expresses  the  half  of  -ny^^nf  eq.  cyanogen  or 
its  compounds.  The  end  of  the  reaction  is  known  by  the  yellow 
colour  of  the  iodine  solution  becoming  permanent. 

Commercial  cyanides  are,  however,  generally  contaminated  with 
caustic  or  monocarbouate  alkalies,  wliich  would  equally  destroy  the 
colour  of  the  iotiine  as  the  cyanide;  consequently  these  must  be 
converted  into  bicarbonates,  best  done  by  adding  carbonic  acid  water 
(ordinary  soda  water). 

*  Example  :  5  gm.  of  potassium  cyanide  were  weighed  and  dissolved  in  500  c.c. 
water;  then  10  c.c.  (=0'1  gm.  cyanide)  taken  with  a  pipette,  diluted  with  about 
i  liter  of  water,  100  c.c.  of  soda  \»'ater  added,  then  ^/lo  iodine  delivered  from  the 
burette  until  the  solution  possessed  a  slight  but  permanent  yellow  colour: 
255  c.c.  were  required,  which  multiplied  by  0003205  gave  0*08300  gm.  instead 
of  0*1  gm.,  or  83  per  cent,  real  cyanide.    Sulphides  must  of  course  be  absent. 

4.    By  ^  Silver  and  Chromate  Indicator. 

yielhal)er  (Arch.  Phann,  [3]  xiii.  408)  has  shown  that  weak 
solutions  of  prussic  acid,  such  as  bitter-almond  water,  etc.,  may  be 
readily  titrated  by  adding  magnesium  hydrate  suspended  in  water 
imtil  alkaline,  adding  a  drop  or  two  of  chromate  indicator,  and 
delivering  in  ^  jio  silver  until  the  red  colour  appears,  as  in  the  case 
of  titrating  chl(>rides.     1  c.c.  silver  solution =0*0027  gm.  HCy. 

This  metliod  may  be  found  servicea})le  in  the  examination  of  opatjue 
solutions  of  livdroc-vanic  acid,  such  as  solutions  of  bitter-almond  oil, 
etc.  ;  but  of  cour.«<e  the  absence  of  chlorine  must  be  insured,  or,  if 
present,  the  amount  must  be  allowed  for. 

It  is  preferable  to  add  the  II Cy  solution  to  a  niLxture  of  magnesia 
and  chromate,  then  immediatelv  titmte  with  silver. 

5.    Cyanides  used  in  Gold  Extraction. 

An  interesting  series  ui  pa})ers  on  this  subject  have  been  contributc^d 
])y  Clennell  (C.  .V.  Ixxvii.  227)  and  Bettel  {idem  286,  298).  The 
experiments  carried  out  by  these  chemists  are  far  too  voluminous  to  be 
reproduced  here,  but  a  short  summary  of  the  results  may  be  accepta])le 
for   the  technical  examination  of   the  original  solutions   and   their 
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nature  after  partial  decomposition  and  admixture  with  zinc  and  otlier 
impurities  which  naturally  occur  in  the  processes  of  gold  extraction. 
The  results  of  both  chemists  j)oint  to  the  fact  tliat  the  estimation  of 
cyanide  in  the  weak  solutions  used  in  the  Mac  Arthur-Forrest 
process  is  much  hampered  by  zinc  double  cyanide,  by  thiocyanates, 
also  by  ferro-  and  ferricyani<les,  together  with  organic  matters  which 
occur  in  the  liquors  after  leaching  the  ores.  According  to  Clennell 
the  presence  of  ferrocyanides  gives  tcx)  high  a  result  when  the  silver 
process  of  Liel)ig  is  used,  but  is  not  of  much  consequence  unless  the 
cyanide  is  relatively  small  as  conij)ared  with  the  ferrocyanide  ;  with 
the  iodine  process  the  interference  of  ferrocyanide  is  much  less,  and 
very  fair  technical  results  may  be  obtained  in  the  presence  of  both 
feri-o  and  ferri  salts  by  this  process.  The  silver  process  appears  to  be 
fairly  serviceable  where  the  quantity  of  ferrocyanide  is  not  too  large ; 
the  reddish  precipitate  which  forms  at  first  from  the  ferri  salt  is  soluble 
in  the  presence  of  excess  of  cyanide,  and  a  definite  end-reaction  can  Ik* 
obtained.  Thiocyanates  render  the  silver  process  useh^ss,  but  do  not 
interfere  with  the  iodine  process.  Ammonium  carbonate  interferes 
with  the  silver  })rocess  unless  potassium  iodide  is  added  so  as  to  produce 
silver  iodide,  which  is  insoluble  in  the  ammonia  salt.  Ferrocyanides, 
in  the  absence  of  other  reducing  ag(*nts,  may  be  accurately  estimated, 
as  in  §  60.1  ;  the  presence  of  cyanides  and  ferricyanides  does  not 
seriously  interfere.  Ferricyanides  may  be  estimated  as  in  §  60.2 ; 
ferrocyanides  do  not  seriously  interfere,  ])ut  cyanides  render  the  results 
somewhat  low.  These  remarks  apply  to  solutions  not  complicated  by 
a<lmixture  of  zin<!  or  other  matters  which  naturally  occur  in  the  cyanide 
liquors  after  they  have  ])een  in  contact  with  the  ore.  For  the  actual 
methods  which  have  l>een  found  useful  in  examining  the  usual  cyanide 
licpiors  the  f( blowing  prcMiesses,  devised  l)y  Bettel,  are  given  not  as 
being  absolutely  correct,  but  sufficiently  so  for  technical  purposes,  and 
occupying  little  time  in  the  working : — 

It  is  necet*i<ary  to  «tAte  at  the  outset  tliat  the  following  remarks  have  reference 
to  the  Mac  Arthur-Forrest  working  solutions  containing  zinc,  an  element 
which  complicates  the  analysis  in  a  truly  surprising  manner.  Before  dealing? 
with  the  analysis  proper,  attention  is  drawn  to  the  |)eculiarities  of  a  solution  of 
the  double  cyanide  of  zinc  and  potassium,  usually  written  K2ZnCy4.  As  is  stated 
in  works  on  chemistry,  this  cyanide  is  alkaline  to  indicators.  Now  here  lies  the 
I»eculiarity.  To  phenolphthalein  the  alkalinity,  as  tested  by  ^/lo  acid,  is  ecjual 
to  19*5  parts  of  cyanide  of  potassium  out  of  a  possible  130*2  parts.  With 
methyl  orange  as  indicator,  the  whole  of  the  metallic  cyanide  may  be  decomposed 
by  ^/lo  ^i*l,  as  under :  — 

K2ZnCy4  +  4HCI  =  ZnClj  +  2KC1  +  4HCy. 

On  titration  with  silver  nitrate  solution  the  end-reaction  is  painfully  indefinite. 
If  caustic  alkali  in  excess  (a  few  c.c.  normal  soda)  be  added  to  a  known  quantity 
of  potassium  zinc  cyanide  solution  together  with  a  few  drops  of  potassium  iodide, 
and  standard  silver  solution  added  to  o]>alescence,  the  reaction  will  indicate 
sharply  the  total  c^Tinogen  present  in  the  double  cyanide  even  in  the  presence  of 
ferrocyanides.  If  to  a  solution  of  potjusium  zinc  cyanide  be  added  a  small 
quantity  of  ferrocyanide  of  potassium,  and  the  silver  solution  added,  the 
flocculent  precipitate  of  what  is  supposed  to  be  normal  zinc  ferrocyanide 
(ZnjFeCVfi)  appears,  the  end-reaction  is  fairly  sharp,  and  indicates  19*5  parts  of 
potassium  cyanide  out  of  the  actual  molecular  contents  of  130*2  KCy.     If,  how- 
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ever,  an  excess  of  ferrocyanide  be  present,  the  flocculent  precipitate  does  not 
appear,  but  in  its  place  one  gets  an  opalescence  which  speedily  turns  to 
a  finely  granular  (sometimes  slimy)  precipitate  of  potassium  zinc  ferrocyanide 
KjZnsFeiCyij.  This  introduces  a  personal  equation  into  the  analysis  of  such 
a  solution,  for  if  the  silver  solution  be  added  rapidly  the  results  are  higher  than 
if  added  drop  by  drop,  as  this  ferrocyanide  of  zinc  and  potassium  separates  out 
slowly  in  dilute  solutions  alkaline  or  neutral  to  litmus  paper. 

For  the  estimation  of  free  hydrocyanic  acid  use  is  ma46  of  Siebold's 
ingenious  method  for  estimating  alkalies  in  carbonates  and  bicarbonates,  by 
reversing  the  process,  adding  bicarbonate  of  soda,  free  from  carbonate,  to  the 
solution  to  be  titrated  for  hydrocyanic  acid  and  free  cyanide.  This  is  the  one 
instance  where  hydrocyanic  acid  turns  carbonic  acid  out  of  its  combinations,  and 
as  such  is  interesting. 

2KHCO3  +  AgNOa  +  2HCy = KAgCyj  +  KNO3  +  2CO2  +  2H2O. 

The  methods  of  analysis  are  as  follows : — 

1.  Free  Cyanide. — 50  c.c.  of  solution  are  taken  and  titrated  with  silver 
nitrate  to  faint  opalescence  or  first  indication  of  a  flocculent  precipitate.  This 
will  indicate  (if  suflBcient  ferrocyanide  be  present  to  form  a  flocculent  precipitate 
of  zinc  ferrocyanide)  the  free  cyanide,  and  cyanide  equal  to  7*9  per  cent,  of  the 
potassium  zinc  cyanide  present. 

W.  J.  8  bar  wood  (J.  Am.  C.  S.,  1897,  400-434),  after  criticising  the  various 
processes  in  use,  recommends  the  following  scheme.  To  the  solution  containing 
the  cyanogen,  5  c.c.  of  ammonia  and  2  c.c.  of  a  5  x>er  cent,  solution  of  x)otassium 
iodide  are  added,,  and  then  standard  solution  of  silver  nitrate  until  a  faint, 
permanent  cloudiness  is  produced.  If  the  solution  contains  sulphides  in  small 
amount,  5-10  c.c.  of  a  solution  made  by  dissolving  0*5  gm.  of  iodine  and  2  gm. 
of  potassium  iodide  in  100  c.c.  of  water  is  used  in  place  of  the  potassium  iodide, 
but  a  special  check  should  be  made  in  such  case.  If  the  amount  of  sulphide  is 
large,  it  must  be  removed  by  means  of  a  solution  of  sodium  plumbite ;  an  aliquot 
part  of  the  filtrate  is  then  titrated. 

If  zinc  is  present,  a  large  excess  of  alkali  should  be  added ;  in  this  case,  the 
cyanogen  found  rejpresents,  not  only  the  potassium  c^-anide,  but  also  the  double 
zinc  compound.  By  estimating  the  zinc,  the  amount  of  free  potassium  c^Tuiide 
may  be  readily  calculated,  as  I  jiart  of  zinc  corresponds  wth  4  parts  of  potassium 
cyanide.  A  similar  allowance  must  be  made  if  small  (juantities  of  copper  are 
present.  If  calcium,  magnesium,  or  manganese  are  present,  ammonium  chloride 
must  be  added,  whilst  soda  is  used  in  presence  of  aluminium  or  lead. 

For  technical  purposes,  it  is  best  to  prepare  a  silver  nitrate  solution  containing 
1*305  gm.  of  this  salt  per  100  c.c;  taking  samples  of  10  c.c.  each,  1  c.c.  of  the 
silver  represent**  0*1  per  cent,  of  potassium  cyanide. 

2.  Hydrocyanic  Acid.— To  50  c.c.  of  the  solution  add  a  solution  of 
alkaline  bicarbonate,  free  from  carbonate  or  excess  of  carbonic  acid.  Titrate  as 
for  free  c^nnide.    Deduct  the  first  from  the  second  result 

=  HCy  1  c.c.  AgNOa  =  ^^;^^  =000829  °/o  HCy. 

o 

3.  Double  Cyanides. — Add  excess  of  normal  caustic  soda  to  50  c.c.  of 
solution  and  a  few  drops  of  a  10  per  cent,  solution  of  KI,  titrate  to  opalescence 
with  AgNOa.  This  gives  1,  2,  and  3.  Deduct  1  and  2=K2ZnC3-4  as  KCy  less 
7*9  per  cent. 

A  correction  is  here  introduced.  The  KCv  found  in  3  is  calculated  to 
K2ZnCy4.  Factor:  KCy  (as  K2ZnCy4)  x 0*9423  =  K2ZnCy4.  Add  to  this  70 
per  cent,  of  total,  or  for  every  92*  1  parts  of  K2ZnCy4  add  7*9  parts.  If  this 
fraction,  calculated  back  to  KCy,  be  deducted  from  1,  the  true  free  cyanide 
(calculated  to  KCy)  is  obtained.  ' 

4.  Ferrocyanides  and  Thiocyanates.— In  absence  of  organic 
matters  it  is  foupd  that  an  acidified  solution  of  a  simple  cyanide,  such  as  KCy, 
or  a  double  cyanide  (as  K2ZnCy4),  i.«.,  solution  of  HCy,  is  not  affected  by  dilute 
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perman^nate.  On  the  other  hand,  acidified  solutions  of  ferrocyanides  and 
sulphocyanides  are  rapidly  oxidized — the  one  to  ferrocyanide,  the  other  to 
H2S04+HCy. 

If,  now,  the  ferrocyanogen  be  removed  as  Prussian  blue,  by  ferric  chloride  in 
an  acid  solution,  the  filtrate  will  contain  ferric  and  hydric  thiocyanate,  both  of 
which  are  oxidized  by  permanganate  as  if  iron  were  not  present ;  by  deducting 
the  smaller  from  the  larger  result,  we  get  the  permanganate  consumed  in 
oxidizing  ferrocyanide,  the  remainder  equals  the  permanganate  consumed  in 
oxidizing  thiocyanate. 

Tlie  method  of  titration  is  as  follows  (in  presence  of  zinc) : — A  burette  is  filled 
with  the  cyanide  solution  for  analysis,  and  run  into  10  or  20  c.c.  ^Iioo  KjMnjOg 
strongly  acidified  with  HjS04  until  colour  is  just  discharged.     Result  noted  (a). 

A  solution  of  ferric  sulphate  or  chloride  is  acidified  with  HjS04  and  50  c.c. 
of  the  cyanide  solution  poured  in.  Aiter  shaking  for  about  iialf  a  minute,  the 
Pnissian  blue  is  separated  from  the  liquid  by  filtration,  and  the  precipitate  and 
filter-paper  washed.    The  filtrate  is  next  titrated  with  ^/loo  KaMn^Og  (b). 

Let  c  =  c.c.  permanganate  required  to  oxidize  ferrocyanide. 

Then  a  —  b  =  c. 

ic)     1  c.c.  »/ioo  K2MnaO8=0'003684  gm.  K4FeCye. 

(h)     I  c.c.  w/ioo  K2Mn3O8=000016I8  gra.  KCNS. 

5.    Oxidizable  Or^anio  Matter  in  Solution.— In  treating  spruit 

tailings,  or  material  containing  decaying  vegetable  matter,  the  following  method 
is  used  for  testing  coloured  solution. 

(a)     Prepare  a  solution  of  a  thiocyanate,  so  tliat  1  c.c.  =  W/ioo  KjMnjOn. 

(/»)  To  50  c.c.  solution  add  sulphuric  acid  in  excess,  and  then  a  large  excess 
of  permanganate,  ^/loo  Keep  at  60-70'  C.  for  an  hour.  Then  cool  and  titrate 
back  with  the  KCNS  solution. 

Result  O  consumed  in  oxidizing  organic  matter. 
„    O         „  „         KaPeCye. 

„     O         „  „         KCNS. 

After  estimating  KCNS  and  K4FeCyj,  a  simple  calculation  gives  the  oxygen 
to  oxidize  organic  matter.  This  result  multiplied  by  9  will  give  approximately 
the  amount  of  organic  matter  present. 

In  order  to  clarify  such  organically  cliarged  solutions,  they  are  shaken  up 
with  powdered  quicklime  and  filtered  ;  the  solution  is  then  of  a  faint  straw 
colour,  and  is  in  a  proper  condition  for  analysis.  In  such  clarified  solution  the 
oxidizable  organic  matter  is  no  longer  present,  and  the  estimations  are  readily 
performed. 

0.  Alkalinity.  —  Potassium  cyanide  acts  as  caustic  alkali,  when  neutralized 
by  an  acid ;  the  end-reaction,  however,  is  influenced  to  some  extent  by  the 
hydro<;yanic  acid  pres(»nt,  and  is  therefore  not  sharp.  It  is  possible,  however, 
to  estimate    - 

l^  ^t  a"  d  IZhfZy^nCyr        .:  ]  ^i*  phenolphthalein  »«  indicator. 

By ''/lo  acid  100  °/„  of  zinc  in  K2ZnCy4   )   -t«r-4.i.        au  i  •  j*    * 

By  NyloacidlOOrVZn  +  KinZnKAJ  W>*  "»«*'^>1  °™"««  '^  ";'^'«""^- 
By  h/io  acid  the  K^O  in  ZnKjOj         ...      With  phenolphthalein  as  indicator. 

It  will  be  necessary  to  point  out  the  decompositions  which  result  from  adding 
alkali,  or  a  carbonate  of  an  alkali,  to  a  working  solution  containing  zinc. 

KgZnCy^  +  4K  HO  =  ZnK  A  +  4KCy. 
K2ZnCy4  +  -iNajCOa  +  2H2O  =  2KCy  +  2NaCy  +  ZnNaA  +  ^NaHCOj. 

Bicarbonates  have  no  action  upon  potassium  or  sodium  zinc  cyanide. 
Potassium  or  sodium  zinc  oxide  (in  solution  as  hydrate)  acts  as  an  alkali 
towards  phenolphthalein  and  methyl  orange. 

ZnKaOj  +  4HCI = 2KC1  +  ZnCl.  +  2H./). 
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Calcium  and  magnesium  hydrates  decompose  the  double  salt  of  K2ZnC3'4  to 
some  extent,  but  not  completel}',  so  that  it  is  possible  to  find  in  one  and  the  same 
solution  a  considerable  proportion  of  alkalinity  towards  phenolphthalein,  due  to 
calcium  hydrate  in  presence  of  K2ZnCy4. 

The  total  alkalinity  as  determined  by  ^/lo  acid  with  meth3'l  orange  as 
indicator  gives,  in  addition  to  those  before  mentioned,  the  bicarbonates.  If  to  a 
solution  containing  sodium  bicarbonate  and  potassium  zinc  cyanide  be  added 
lime  or  lime  and  magnesia,  the  percentage  of  cyanide  will  increase,  the  zinc 
remaining  in  solution  as  zinc  sodium  oxide. 

Clennell  (C.  N.  Ixxi.  93)  gives  a  method  for  the  approximate  estimation 
of  alkaline  hydrates  and  carbonates  in  the  presence  of  alkaline  cyanides, 
as  follows : — 

(1)  Estimation  of  the  cyanide  by  direct  titration  with  silver 

(2)  Estimation  of  the  hydrate  and  half  the  carbonate  of  alkali  on  adding 
phenolphtlialein  to  the  previous  solution  (after  titration  with  silver)  by  ^/lo 
hydrochloric  acid. 

(3)  Estimation  of  the  total  alkali  by  direct  titration,  in  another  portion  of 
the  solution,  with  ^/lo  hydrochloric  acid  and  methyl  orange. 

7.  Perricyanide  Esti^lation.— This  is  effected  by  allowing  sodium 
amalgam  to  act  for  fifteen  minutes  on  the  solution  in  a  narrow  cylinder,  then 
estimating  the  ferroc^'anide  formed  by  permanganate  in  an  acid  solution.  Deduct 
from  the  results  obtained  the  ferrocyanide  and  thiocyanate  previously  found, 
1  c.c.  ^/loo  permanganate =0*003293  gm.  KgFejCyia. 

8.  Sulphides. — It  rarely  happens  that  sulphides  are  present  in  a  cyanide 
solution ;  if  present,  however,  shake  up  with  precipitated  carbonate  of  lead, 
filter,  and  titrate  with  ^/loo  i)ermanganate.  The  loss  over  the  previous  estima- 
tion (of  K4FeCygKCNS,  etc.)  is  due  to  elimination  of  sulphides. 

1  c.c.  ^/loo  KjMnoOn--^ 000017  gm.  H-^S,  or  000055  gm.  K^S. 

The  hydrogen  alone  being  oxidized   by  dilute  i)ermanganate  in  acid  solution 
where  the  permanganate  is  not  first  of  all  in  excess. 

9.  Ammonia. — If  suflicient  silver  nitrate  be  added  to  a  solution  (say 
10  c.c.)  to  wholly  precipitate  the  cyanogen  comjwunds  and  a  drop  or  two  of 
w/i  HCl  be  added,  the  whole  made  up  to  100  c.c,  and  filtered ;  then  10  c.c. 
distilled  with  about  150  c.c.  of  ammonia  free  water  and  Nesslerized  in  the  usual 
>vav,  the  amount  of  ammonia  may  be  ascertained. 

10.  Copper.  -  This  metal  appears  to  be  in  some  cases  a  serious  obstiicle  in 
the  working  of  cyanide  processes,  and  Clennell  has  devised  a  method  of 
estimating  it  which  gives  good  technical  results  when  not  less  than  002  gm. 
of  the  metal  is  present  in  the  cyanide  solution  to  be  examined,  and  where 
zinc,  iron,  and  silver  are  not  present  sulphocyanides  and  ammonium  salts  do 
not  materially  interfere  {J.  S.  C.  I.  xix.  14). 

This  method  depends  upon  the  facts — 

(1)  That  cyanide  of  copper  is  precipitated  from  solutions  of  the  double 
cyanides  of  copper  by  the  .addition  of  dilute  mineral  acids. 

(2)  That  hydrocyanic  an  I  carbonic  acids  liave  little  or  no  action  on 
methyl  orange. 

(3)  That  when  an  acid  is  added  gra<lually  to  a  mixture  of  a  double  cyanide 
of  copper  with  free  alkali-metal  c>Tinides  and  caustic  or  carbonated  alkalies,  no 
precipitation  of  the  copper  oceurs  until  the  whole  of  the  alkalies  and  free 
cyanides  have  been  neutralized,  the  first  appearance  of  a  pennanent  white 
precipitate  of  copper  cyanide  corresponding  precisely-  with  the  point  at  which 
the  solution  l)ecomes  alkaline  to  methyl  orange. 

Method  of  Procedure  :  A  measured  volume  (say  from  10  to  50  c.c.)  of 
the  liquid  to  l)e  tested,  which  must  be  jjerfectly  clear  and  transparent,  is  placed 
in  a  100  c.c.  measuring  fla.sk,  and  ^/lo  sulphuric  acid  is  added  drop  by  drop  from 
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a  burette  with  continual  shaking  until  the  turbidity  formed  ceases  to  disappear, 
but  leaves  the  liquid  slij^htly  milky.  The  rftading  of  the  burette  must  now  be 
carefully  noted.  This  point  is  in  (general  perfectly  sharp  and  definite.  A  further 
quantity  of  sulphuric  acid  is  now  added,  more  than  sufficient  to  precipitate  th 
whole  of  the  copper.  (This  may  be  ascertained  if  necessary  by  a  preliminary 
experiment.  A  little  of  the  liquid  Ls  filtered  oflf.  If  the  filtrate  jfives  no  further 
precipitation  on  addition  of  more  sulphuric  acid,  and  if  it  is  distinctly  acid  to 
methyl  orange,  the  reaction  ma}'  be  considered  complete.) 

The  copper  being  thrown  down  as  a  white  curdy  precipitate  of  copper  c^Tinide, 
and  a  slight  excess  of  sulphuric  acid  being  present,  the  reading  of  the  burette  is 
agam  taken. 

The  100  c.c.  flask  is  now  filled  up  to  the  mark  with  distilled  water  and  the 
contents  thoroughly  agitated.  The  precipitate  generally  settles  rapidly  in  a 
flocculent  condition.  Now  filter  oflf  50  c.c.  of  the  supernatant  liquid,  taking 
care  to  use  a  filter-paper  free  from  iron  or  other  substances  soluble  in  acids. 

The  filtered  liquid  is  now  titrated  with  the  addition  of  a  single  drop  of  methyl 
orange  of  0'25  per  cent,  strength,  using  ''/lo  sodium  carbonate,  until  the  pink 
colour  changes  to  a  scarcely  perceptible  yellowish  tinge. 

The  number  of  c.c.  of  sodium  carbonate  used,  multiplied  by  2,  gives  us  very 
approximately  the  equivalent  of  the  excess  of  sulphuric  acid  beyond  that 
required  to  precipitate  the  copper. 

Tlie  o])erations  are  very  simple,  the  essential  points  being  to  note  carefully  the 
exact  i)oint  at  which  permanent  precipitation  of  copper  cyanide  takes  place, 
the  amount  of  acid  added  beyond  this  point,  and  the  precise  amount  of 
sodium  carbonate  added.  The  end-point  with  methyl  orange  leaves  something 
to  be  desired  in  point  of  sharpness,  but  by  carrying  out  the  test  exactly  as 
describe<l  and  arranging  matters  so  that  the  final  bulk  of  solution  is  about  60  to 
70  c.c,  results  injiy  be  obtained  which  are  more  tlian  sufficiently  accurate  for  any 
technical  purpose.  The  actual  value  of  the  ^/lo  acid  on  copper  may  be 
ascertained  by  dissolving  a  known  weight  of  pure  copper  in  nitric  acid,  boiling 
to  expel  nitrous  fumes,  neutralizing  with  caustic  soda,  then  adding  cjranide 
until  a  clear  and  colourless  solution  is  obtained,  and  titrating  with  the  acid 
as  above  described. 

Where  interfering  metals  are  present  it  becomes  necessary  to  eliminate  them 
before  making  the  test,  and  this  would  seem  at  first  sight  a  serious  limitation  to 
the  usefulness  of  the  method.  Exi>erience  with  a  large  number  of  ores  and 
tailings  lias  shown  however  that,  owing  to  the  extraordinarily  rapid  action  of 
cyanide  on  copper  comi)ounds  when  a  pure  dilute  solution  of  potassium  cyanide 
lias  been  allowtnl  to  leach  through,  or  has  been  left  in  contact  for  a  short  time 
with  a  sami>le  of   cupriferous   ore   or   tailings,   the   liquor  drawn  oflf  contains 

i)ractirally  no  other  impurity  tlian  the  double  cyanide  of  copper  and  potassium, 
[n  all  such  cases  the  method  herein  detailed  may  be  successfully  applied. 

11.  Oxygen. — The  estimation  of  this  element  in  cyanide  solutions  is 
considered  to  be  valuable,  but  it  is  very  difficult  to  obtain  an  eas}'  method. 
A  process  lias  been  submitted  to  gold  workers  by  A.  F.  Crosse  {Jour.  Chem.  and 
Met.  Soc.  of  S.  Africa,  1899,  107-112).  The  authors  method  for  testing 
cyanide  solutions  for  oxygen  is  an  adaptation  of  Thresh's  method,  as  described 
here  in  §  71.  Before  the  method  can  be  used,  all  cyanides  and  absorbents 
of  iodine  must  be  removed.  Hence,  in  practice,  the  author  first  treats  the 
solution  to  be  examined  with  zinc  sulphate.  A  bottle  capable  of  holding 
2^  liters  of  the  liquid  to  be  tested  is  carefully  filled  and  well  stoppered,  its  exact 
capacity  being  known.  100  c.c.  of  the  solution  are  withdrawn  for  a  preliminary 
test,  and  are  titrated  with  zinc  sul])liate  solution  (200  gm.  per  liter),  using 
phenolphthalein  as  an  indicator,  the  zinc  solution  being  run  into  the  cyanide 
until  the  magenta  colour  of  the  latter  is  just  destroyed.  The  quantity  of  the 
standard  zinc  solution  required  for  the  bulk  of  the  cyanide  in  the  large  bottle 
is  calculated  from  this  result,  and  the  correct  amount  is  added,  without 
allowing  air  to  enter  with  it,  the  stopper  of  the  bottle  being  replaced  as  soon 
as  i)ossible.  The  mixture  of  c^-anide  and  zinc  sulpliate  is  then  thoroughly 
sliaken  and  set  aside  for  the  resulting  heavy  flo<;culent  precipitate  of  zinc  c^-anide 
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to  settle,  which  happens  after  some  time,  a  small  scum  usually  remaining  on  the 
surface.  The  clear  liquor  is  then  siphoned  off  without  undue  access  of  air  by 
using  a  bent  glass  tube  passing  through  one  hole  of  a  doubly  perforated  cork 
fitted  into  the  bottle ;  the  second  hole  carries  a  short  glass  tube  (arranged  as  in  a 
washing-bottle),  through  which  air  is  blown  momentarily  to  start  the  action  of 
the  siphon.  The  end  of  the  immersed  limb  of  the  siphon  is  covered  with  a 
small  bag  of  lint,  which  filters  off  any  floating  particles  of  precipitate.  Two 
or  three  (290  to  300  c.c.)  pipettes  full  of  the  siphoned  solution  are  drawn 
off  and  retained.  A  preliminary  t<»st  of  the  iodine-absorbing  power  of  the 
solution  (due  to  unprecipitated  double  cyanides)  is  then  made  by  adding  to  a 
quantity  equal  to  that  used  in  the  test,  0*9  c.c.  of  sulphuric  acid  (half  acid,  half 
wat^r),  and  a  few  drops  of  potassium  iodide  and  starch.  Dilute  bromine  water 
(1  bromine  water  :  2  water)  is  added  until  a  blue  colour  is  obtained.  Another 
pipette  full  of  the  liquid  is  now  taken,  09  c.c.  of  sulphuric  acid  and  the 
required  amount  of  bromine  water  (found  from  the  preliminary  experiment) 
are  added,  the  stopper  is  put  into  the  wide-mouthed  bottle  used  in  Thresh 's 
test,  and  the  pipette  is  turned  over  several  times.  1  c.c.  of  the  potassium  iodide 
and  sodium  nitrite  solution  is  then  added,  and  the  free  iodine — freed  in  pro- 
portion to  the  oxygen  in  the  solution — is  determined  by  means  of  standard 
sodium  thiosulphate. 

By  this  method  the  amount  of  oxygen  per  liter  in  certain  cyanide  solutions 
was  found  to  be  as  follows :— Solution  from  Siemens-Halske  process  before 
precipitation,  4'65  to  4'69  m.gm. ;  tap  water,  7'7  m.gm. ;  the  same  tap-water 
with  0*2  per  cent.  KCy  and  a  little  ferrocyanide,  7'6  m.grm. ;  solution  as  pumped 
on  to  a  leaching  vat,  6'3  m.gm. ;  the  same  solution  as  run  from  the  vat  thirty 
hours  later,  0*6  m.gm. :  and  the  same  from  the  end  of  the  zinc  boxes,  0*3  m.gm. 

It  was  afterwards  discovered  that  the  fcyanide  solutions  contained  a  small 
quantity  of  nitrites.  The  process,  therefore,  was  altered  as  follows: — Add 
potassium  hydroxide,  and  then  zinc  sulphate  ;  determine  the  thiosulphate 
required  by  Threshes  method  with  clear  solution  decanted  from  precipitates 
formed  in  the  closed  bottle ;  make  a  qualitative  test  for  nitrites  by  acidifying  a 
little  of  the  clear  solution  with  dilute  sulphuric  acid,  and  adding  potassium 
iodide  and  starch  ;  and  finally  apply  a  correction  for  the  nitrites  and  reagents 
used.  To  make  this  correction,  pour  into  a  very  strong  350-c.c.  flask,  a  quantity 
of  solution  equal  to  that  used  in  the  experiment  (say  293  c.c),  add  a  few  drops 
of  potassiiun  hydroxide,  and  close  the  flask  with  a  rubber  stopper  having  one 
perforation,  through  which  is  passed  a  glass  tube  with  a  glass  stopcock.  Boil  the 
solution  for  a  few  minutes  and  close  the  stopcock.  Cool  the  flask,  and,  when 
cold,  pour  the  liquid  into  the  pipette,  and  add  the  1  c.c.  of  iodide-and-nitrite 
solution  and  1  c.c.  of  sulphuric  acid  (1  :  1).  Then  let  it  stand  for  ten  minutes, 
and,  in  the  presence  of  coal-gas,  run  it  into  the  bottle  described  in  the  previous 
paper,  add  starch,  and  titrate  with  thiosulpliate.  The  quantity  required  gives 
the  correction  for  nitrites  and  for  the  reagents,  as  the  t^ame  amount  of  acid  and 
of  iodide  and  nitrite  solution  is  used  in  each  case. 

W.  J.  8  liar  wood,  chemist  to  the  Montana  Mining  Company,  has 
furnished  me  with  some  details  as  to  cyanide  solutions  written  hy  him 
for  the  Enijinf'f'nmj  and  Miniinj  Jcmrual^  1898,  p.  216,  hut  the  results 
are  too  voluminous  to  he  shown  here.  The  methods  adopted  were  as 
follows  :— - 

Free  cyanide  was  estimated  by  silver  nitrate,  using  a  few  drops  of  5  per  cent, 
ferrocyanide  solution  as  indicator.  Total  cyanogen  was  obtained  by  continuing 
the  titration  with  sih^er  after  addition  of  caustic  soda  and  a  little  ammonia  and 
potassium  iodide ;  this,  however,  does  not  include  cyanogen  in  double  cyanides 
of  copper,  silver,  gold  or  mercury. 

Calcium  was  estimated  by  direct  precipitation  of  100  c.c.  of  the  solution  with 
ammonium  oxalate,  after  addition  of  ammonium  chloride  and  some  excess  of 
ammonia,  the  washed  precipitate  being  usually  dissolved  in  hot  dilute  sulphuric 
acid  and  titrated  with  permanganate ;  in  some  cases  the  precipitate  was  ignited 
and  weighed  as  oxide. 
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For  iron,  copper  and  zinc  100  c.c.  of  the  Holution  were  twice  evajwrated  with 
nitric  acid,  redissolved  in  dilute  sulphuric,  and  iron  precipitated  by  ammonia  in 
excess,  the  precipitate  bein^  at  once  redissolved  in  Hydrochloric  acid  and  iron 
estimated  colorimetrically  a**  thioc^iinate,  luiless  the  quantity  sufliced  to  allow  of 
reduction  by  zinc  and  titration  by  permanganate.  Copper  was  approximately 
estimated  by  the  colour  of  the  ammouiacal  filtrate  from  the  iron.  It  was  then 
removed  by  acidulating  with  sulphuric  acid  and  heating  with  a  strip  of 
aluminium;  the  metal  was  then  washed,  redissolved  in  nitric  acid,  and 
determined  by  the  iodide  and  thiosulphate  method.  The  filtrate  after  removal 
of  iron  and  copper  was  neutralized  by  sodium  carbonate,  acidulated  with  a  fixed 
amount  of  hydrochloric  acid,  diluted  to  200  c.c,  heated,  and  zinc  estimated  in  it 
by  ferrocyanide  with  uranium  indicator. 

Thiocyanate  was  estimated  by  acidulating  10  or  20  c.c.  with  hydrochloric  acid, 
adding  ferric  chloride,  and  comparing  the  colour  with  standard  thiocyanate 
under  the  same  conditions ;  in  some  cases  ferrocyanides  precipitated  and  required 
to  be  filtered  off.  Ferrocyanide  was  calculated  from  the  iron  found  above.  The 
methods  for  estimation  of  ferrocyanides  and  thiocyanates,  based  upon  oxidation 
by  permanganate,  were  found  to  be  totally  unreliable  when  tested  experi- 
mentally upon  solutions  containing  known  quantities  in  presence  of  the 
substances  accompanying  them  in  cyanide  solutions.  The  colorimetrio  methods 
give  fairly  approximate  result^. 

Sulpliate  was  weighed  as  barium  sulphate,  precipitated  by  adding  barium 
chloride  to  100  c.c.  of  solution,  after  first  adding  some  excess  of  hydrochloric 
acid,  heating  till  odour  disappeared,  and  filtering  off  any  zinc  and  copper 
ferrocyanides,  Prussian  blue,  or  silver  chloride  that  fell  out. 

The  solid  residue  was  obtained  by  evaporating  20  to  50  c.c.  in  a  nickel  or 
platinum  dish ;  the  fonner  appears  to  be  the  less  attacked  by  cyanide  solutions 
and  fused  residues. 

Alkalinity  toward  methyl  orange  was  determined  (a)  by  direct  titration  of  26 
or  50  c.c.  with  decinorroal  acid,  (b)  by  adding  the  standard  acid  in  considerable 
excess,  heating  till  all  odour  disappeared,  and  titrating  back  with  standard  alkali ; 
the  results  were  rendered  somewhat  uncertain  by  the  precipitation  of  zinc  com- 
pounds and  ferrocyanides. 

The  same  authority  states  that  although  the  method  given  in  the 
first  part  of  these  gold  cyanide  proee^sses  give  fair  results  with  tolerably 
pure  substances,  they  become  much  less  accurate  when  the  solutions 
are  much  worked  and  old,  owing  to  their  conttiining  organic  matters, 
and  various  dec(»m|)osition  products  of  KCN. 

FERRO-  AND  FERRI-CTANIDES. 

Potassium  Ferrooyanide. 

Metallic  iron  x     7*541  =  Crystallized  Potassium  ferrocyanide. 

Double  iron  salt    x     1*077=  „  „  „ 

1.    Oxidation  to  Ferricyanide  by  Permanganate  (De  Haen). 

§  60.  Ferrocyanide  may  be  estimated  by  potassium  permanganate, 
which  acts  by  converting  it  into  ferricyanide.  Xlie  process  is  easy  of 
application,  and  the  results  accurate.  A  standard  solution  of  pure 
ferrocyanide  should  be  used  as  the  basis  u|X)n  which  to  work,  but 
may,  however,  be  dispensed  with,  if  the  oj)erator  chooses  to  calculate 
the  strength  of  his  permanganate  upon  iron  or  its  compounds.  If  the 
permanganate  is  decinormal,  there  is  of  course  very  little  need  for 

p 


210  VOLUMETRIC  ANALYSIS.  .  §  60. 

calculation  (leq.  =  422  must  be  used  as  the  systematic  number,  and 
therefore  1  c.c.  of  ^/jq  permanganate  is  equal  to  0*0422  gm.  of  yellow 
prussiate).  The  standard  solution  of  pure  ferrocyanide  contains  20  gm. 
in  the  liter :  each  c.c.  will  therefore  contain  0*02  gm. 

Metftod  of  Pbocedube:  10  c.c.  of  the  standard  prussiate  solution  are  put 
into  a  white  porcelain  dish  or  beaker  standing  on  white  paper,  and  250  c.c.  or  so 
of  water  added ;  it  is  then  acidified  pretty  strongly  with  sulphuric  acid,  and  the 
permanganate  delivered  from  the  burette  until  a  pure  uranium  yellow  colour 
appears ;  it  is  then  cautiously  added  until  the  faintest  pink  tinge  occurs. 

E.  Rupp  and  A.  Schiedt  (Ber.  xxxv.  2430)  state  that  in  De  Haen's 
method  for  the  titration  of  ferrocyanides  with  permanganate  the  end-point  is 
indistinct,  and  the  results  are,  as  a  rule,  from  1  to  3  per  cent,  too  high. 
Contrary  to  the  statement  in  the  text^books  that  ferroc^'anides  cannot  be 
quantitatively  oxidized  with  iodine,  the  authors  show  that  satisfactory  results 
can  be  obtained  by  using  an  excess  of  iodine  solution  and  titrating  luick  with 
thiosulphate.  In  presence  of  organic  matter  (tartrates)  the  oxidation  is  not 
complete.  Perricyanides  are  reduced  by  boiling  in  strongly  alkaline  solution 
with  ferrous  sulphate,  and  in  an  aliquot  portion  of  the  filtrate,  the  ferrocyanide 
produced  is  titrated. 

Ferrocyanides  in  Alkali  waste.— Acidulate  the  solution  with 
HCl,  and  add  strong  bleaching  powder  solution  with  agitation  until 
a  drop  of  the  liquid  gives  no  blue  colour  with  ferric  indicator.  The 
liquid  is  then  titrated  with  a  solution  of  coi)per  sulphate,  standardized 
on  pure  potassium  ferrocyanide,  using  dilute  ferrous  sulphate  as 
indicator ;  as  soon  as  no  more  blue  or  grey  colour  occurs,  but  a  faint 
reddening,  the  process  is  ended. 


POTASSIUM  FEBBICYANIDE. 

K6Cyi2Fe.^,=658. 


2.    By  Iodine  and  Thiosulphate. 

This  salt  can  1^  estimated  either  by  reduction  to  ferrocyanide  and 
titration  with  permanganate  or  bichromate  as  above,  or  by  Lenssen's 
method,  which  is  based  upon  the  fact,  that  when  i)()tasii5iuni  iodide  and 
ferricyanide  are  mixed  with  tolerably  concentrated  hydrochloric  acid 
iodine  is  set  free. 

the  quantity  of  which  can  be  estimated  by  ^/jo  thiosulphate  and 
starch.  This  methoil  does  not,  however,  give  the  most  satisfactory 
results,  owing  to  the  variation  produced  by  working  with  dilute  or 
concentrated  solutions.  The  modification  shown  in  §  84.5  is, 
however,  more  accurate,  and  is  as  follows : — The  ferricyanide  is 
dissolved  in  a  convenient  quantity  of  water,  potassium  iodide  in 
crystals  added,  together  >rith  hydrochloric  acid  in  tolerable  quantity. 


Metallic  iron 

X 

5-88 

=  Pol 

tass 

Double  iron  salt 

X 

1-68 

SIS 

»> 

^'/lo  Thiosulphate 

X 
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= 
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then  a  solution  of  pure  zinc  sulpliate  in  excess ;  after  standing  a  few 
minutes  to  allow  the  decomposition  to  perfect  itself,  the  excess  of 
acid  is  neutralized  by  sodium  carbonate,  so  that  the  latter  slightly 
j)redominates. 

At  this  stage  all  the  zinc  ferricyanide  first  formed  is  converted  into 
the  ferrocyanide  of  that  metal,  and  an  cfjuivalent  quantity  of  iodine 
set  free,  which  vm\  at  once  be  titrated  with  "/jq  thiosidphate  and 
starch,  and  with  very  gi-eat  exactness.  1  c.c.  ^/lo  thiosulphate= 
0*0329  gm.  ix)tassium  ferricyanide. 

Another  metlKwl  consists  in  boiling  with  excess  of  potash,  then 
cooling,  and  adding  H2^^2  ^^^^  ^^^^  colour  is  yellow.  The  excess  of 
the  j)eroxide  is  then  l^oiled  off*,  H280^  addeil,  and  titrated  with 
j)ermanganato. 

8.    Beduotion  of  Feni-  to  Ferro-cyanide. 

This  process  is,  of  course,  neces.^ry  when  the  determination  by 
ix?rmanganate  has  to  be  made,  and  is  best  effected  by  boiling  the 
weighed  ferricyanide  with  an  excess  of  i)otash  or  soda,  and  adding 
small  quantities  of  concentratwl  solution  of  ferrous  sidphate  until 
the  precipitate  which  occurs  possesses  a  blackish  colour  (signifying 
that  the  magnetic  oxide  is  formed).  The  solution  is  then  diluted  to 
a  convenient  quantity,  say  300  c.c,  well  mixed  and  filtered  through 
a  dry  filter ;  50  or  1 00  c.c.  may  then  be  taken,  sulphuric  acid  added, 
and  titrated  with  j>ermanganate  as  l>efore  deiicribed. 

Kassner  suggests  the  use  of  sodium  peroxide  for  the  reduction  of 
feiTi-  to  ferro-cyanide  (Arclu  Pliumt.  ccxxxii.  226)  as  being  rapid  and 
complete.  About  0*5  gm.  in  100  c.c.  water  recpiire^  about  0*06  gm.  of 
the  peroxide ;  the  mixture  is  heated  till  all  effervescence  is  over, 
acidified  with  sulphuric  acid,  cooled,  and  titrated  with  i)ermanganate 
in  the  usual  wav. 

THIOCYANATES. 

For  the  estimation  of  thiocyanic  acid  in  combination  with  the 
alkaline  or  earthy  Inises,  Barnes  and  Liddle  (J,  ^.  C.  J.  ii.  122) 
have  devised  a  method  which  is  easy  of  apj)lication,  and  gives  gooil 
technical  results.     It  is  not,  however,  available  for  gas  liquors. 

The  method  depends  upon  the  fact  that  when  a  solution  of  a  cupric 
salt  is  added  to  a  solution  of  a  thiocyanatc  in  j)resence  of  a  reducing 
agent,  as  sodium  bisulphite,  the  insoluble  cuj)rous  salt  of  thiocyanic 
acid  is  precipitated,  tl^e  end  of  the  reaction  being  ascertained  by 
a  drop  of  the  solution  in  the  flask  giving  a  brown  colouration  when 
brought  in  contact  with  a  drop  of  ferrocyanide.  The  following  reactions 
take  place : — 

2Cu8(  )4  +  2KSCN  +  NaaSO,  +  H./)= 

CugSaCoNo  +  K.2SO4  +  2NaHS04 
and 

2CuS(\  +  Ik(SCN)2  +  NagSOj,  +  B,/)  = 

CugSjjCgN^  +  lia8(  \  +  2NaHS(  \ 

V  2 
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The  following  solutions  are  required  : — 

1.  A  standard  solution  of  copper  sulphate  containing  6*2375  gm, 
per  liter,  1  c.c.  of  which  is  equivalent  to  0*00145  gm.  SON. 

2.  A  solution  of  sodium  bisiUphite  of  specific  gravity  1  *3. 

3.  A  solution  of  jwtassium  ferrocyanide  (1   :  20). 

Method  of  Procedure  ;  About  3  gm.  of  the  sample  are  weighed  from  a 
stoppered  tube  into  a  hter  fla^k,  dissolved  in  water,  and  made  up  to  the  mark. 
After  well  mixing,  25  c.c.  are  measured  into  a  flask,  about  3  c.c.  of  the 
bisulphite  added,  and  the  whole  boiled.  Whilst  this  is  heating  a  burette  is 
filled  with  the  copper  solution,  and  a  white  porcelain  slab  is  dotted  over  with 
the  ferrocyanide.  When  the  liquid  in  the  flask  has  reached  the  boiling  point, 
20  c.c.  of  the  copper  solution  are  run  in,  well  shaken,  the  precipitate  allowed  to 
settle  for  about  a  minute,  a  drop  is  taken  out  by  means  of  a  glass  rod,  and 
brought  in  contact  with  a  drop  of  ferrocyanide,  and  should  no  brown  coloura- 
tion appear,  more  of  the  copper  solution  is  run  in,  say  1  c.c.  at  a  time,  and  again 
tested.  This  is  continued  until  a  drop  gives  an  immediate  colour.  By  this 
means  an  approximation  to  the  truth  is  obtained.  It  will  be  observed,  during  a 
titration,  that  the  mixed  drops,  after  standing  for  a  minute,  or  even  less,  pro- 
duce a  brown  tint.  It  is  of  the  utmost  importance  that  the  colouration  be 
immediate. 

A  second  25  c.c.  of  the  thiocyanate  solution  are  run  into  a  clean  flask,  the 
bisulphite  added,  and  boiled  as  before. 

Suppose  that  in  the  first  experiment,  after  an  addition  of  27  c.c.  of  copper 
solution,  no  colour  was  formed  with  ferrocyanide,  but  that  28  c.c.  gave  an 
immediate  colour ;  then  in  the  second  experiment  27  c.c.  are  run  in  at  once,  and 
the  liquid  is  again  tested,  when  no  colour  should  appear.  The  copper  solution 
is  then  run  in  drop  by  drop  until  there  is  a  slight  excess  of  copper,  as  proved  by 
the  delicate  reaction  with  the  ferrocyanide.  The  second  experiment  is  thus 
rendered  more  exact  by  the  experience  gained  in  the  first. 

aOLD. 

Au  =  196*5. 
1  c.c.  of  normal  oxalic  acid =0*0655  gni.  Gold. 

§  61.  The  teclmical  assay  of  gold  for  coining  purposes  is  invariably 
jierfornied  by  cupellation.  Terchloride  of  gold  is,  however,  largely 
used  in-  j)hotography  and  electro-gilding,  and  therefore  it  may  be 
necessary  sometimes  to  ascertain  the  strength  of  a  solution  of  the 
chloride,  or  its  value  as  it  occurs  in  commerce. 

If  to  a  solution  of  gold  in  the  form  of  cliloride  (free  from  nitric 
acid  and  the  free  hydrochloric  acid  nearly  neutralized  by  ammonia) 
an  excess  of  oxalic  acid  be  added,  in  the  course  of  from  eighteen  to 
twenty-four  hours  all  the  gold  will  be  precipitated  in  the  metallic  form, 
while  the  corresponding  quantity  of  oxalic  acid  has  been  dissipated  in 
the  form  of  carbonic  acid;  if,  therefore,  the  ^quantity  of  oxalic  acid 
originally  achled  be  known,  and  the  excess,  after  complete  precipitation 
of  the  gold,  be  found  by  permanganate,  the  amount  of  gold  will  be 
obtained. 

A  more  rapid  method  consists  in  boiling  the  neutral  gold  solution 
with  an  excess  of  standard  solution  of  potassium  oxalate  containing 
8*3  gm.  of  the  jnire  salt  per  liter,  and  titrating  back  w^itli  a  perman- 
ganate solution  which  has  the  same  working  strength  as  the  oxalate. 
Each  c.c.  of  oxalate  solution  decomposed  represents  0*00655  gm.  An. 


§  61.  GOLD.  213 

Tlie  estimation  of  small  proportions  of  gold  in  solution  can  be  done 
by  iodine  and  thiosulpliate  as  shown  by  Petersen  (Zeit.  /,  Anonj. 
Chpm,  xix.  63),  and  the  metho<l  has  been  verified  by  F.  A.  Gooch 
and  F.  H.  Morley  {Auipv,  Jfmr.  Set.,  October,  1899).  These  chemists 
found  that  the  reduction  of  the  auric  salt  with  the  consequent  liberation 
of  iodine  was  somewhat  influenced  bv  the  volume  of  the  solution,  the 
amount  of  iodine  present  and  the  time  of  action.  Their  exi>eriments 
showed  that  the  best  effects  were  obtained  in  a  solution  of  pure  gold 
chloride  of  a1)0ut  0*8  pn.  of  the  salt  to  the  liter  by  using  O'l  gm.  KI 
to  volumes  of  the  chloride  ranging  between  25  and  50  c.c.  The  iodine 
and  thiosulphate  solutions  used  were  alK)ut  ^/loo  strength  verified 
against  each  other.     The  solution  of  KI  contained  10  gm.  per  liter. 

Method  of  PROCEDreE:  The  gold  solution  is  measured  from  a  burette  and 
the  pota.H8ium  iodide  added  in  the  proportion  above  mentioned;  there  must 
always  be  enough  of  this  to  more  than  redissolve  the  aurous  iodide  preci]>itated 
at  first.  A  clear  solution  of  starch  is  then  added,  and  the  blue  colour  produced 
by  it  is  just  removed  by  thiosulphate.  The  standard  iodine  is  then  added  until 
the  liquid  assumed  a  faint  rose  colour  and  the  amount  of  ^Id  is  obtained.  Of 
course  the  gold  value  of  the  standard  solutions  must  be  known  by  experiment 
upon  a  known  strength  of  pure  gold  solution.  For  very  small  quantities  of  gold 
^1  1000  solutions  of  iodine  and  thiosulpliate  may  be  used  with  good  effect,  but  in 
this  case  a  correction  of  0"1  c.c.  for  the  iodine  must  be  allowed  for  volumes  not 
exceeding  30  c.c.  of  the  gold,  because  tliat  is  the  amount  required  to  bring  out 
the  rose  colour  in  a  blank  exi>eriment.  In  the  practical  use  of  this  process  for 
the  estimation  of  metallic  ^old,  the  metal  can  of  course  be  got  into  solution  by 
chlorine  water  or  aqua  regia,  but  in  the  removal  of  the  excess  of  the  oxidizer  by 
evaporation  it  is  diflicult  to  prevent  the  formation  of  aurous  chloride.  Gooch 
and  Morley,  however,  found  that  by  adding  ammonia  in  excess  to  the  solution, 
boiling  gently,  acidifying  with  HCl,  and  heating  if  necessary  to  redissolve  the 
precipitate  by  ammonia,  again  treating  with  ammonia  and  heating,  and  once 
more  acidifying.  The  ammonium  chloride  so  formed  act«  apparently  in  holding 
up  a  clear  solution  ready  for  titration. 

Colorimetric  Estimation  of  Gold  in  Ores.— This  methoil  is 
mentioned  as  being  of  ser^4ce  in  Rosens  Gold  MetaUunjij, 

Method  of  Procedube  :  100  gm.  of  the  ore,  or  less  if  more  than  a  trace  of 
gold,  and  heat  it  in  a  stopi)ered  bottle  for  some  hours  with  10  c.c.  of  bromine  and 
100  c.c.  of  water.  Then  filter  off  the  liciuid,  and  wash  the  residue  several 
times  with  water.  Evai>orate  the  filtrate  till  it  no  longer  smells  of  bromine. 
Make  it  up  to  KX)  c.c.  and  raise  it  to  boiling.  Place  5-10  c.c.  of  a  fresh  saturated 
solution  of  stannous  chloride  in  a  beaker  and  rapidly  pour  upon  it  the  boiling 
extract.  A  precipitate  will  form  and  sink  to  the  bottom.  If  no  gold  be  present 
the  precipitate  has  a  slight  bluish  tint.  Gold  causes  it  to  be  purplish  red  to 
blackish  purple,  according  to  the  quantity  of  gold  present.  The  gold  is 
estimated  by  taking  small  quantities  of  standard  gold  solution,  making  up  to 
100  c.c,  boiling  and  pouring  into  stannous  chloride,  exactly  as  was  done  with  the 
ore  extract.  In  this  way  the  gold  can  be  approximately  estimated.  The  gold 
present  should  be  between  00001  and  000002  gm.  If  there  be  more  than 
O'OOOl  gm.  a  more  dilute  extract  of  ore  should  be  prepared.  If  less  than 
0*00002  gm.  be  present  a  larger  quantity  of  ore  should  be  used. 

Estimation  of  Gold  in  dilute  Cyanide  Solutions.— J.  Moir 

{J.  S.  C.  I,  abstr.  22,  1267)  gives  the  following  rapid  method:— 100  c.c.  of  the 
solution  are  boiled  for  two  minutes  with  about  1  gm.  of  sodium  peroxide,  to 
destroy  cjTinides.  Next,  two  drops  of  10  p<»r  cent,  lead  acetate  solution  are 
added,  and  about  0*2  gm.  of  aluminium  powder  is  stirred  in.  Metallic  lead  is 
thus  precipitated,  and  the  gold  is  also  extracted  by  the  galvanic  action.      The 
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whole  is  filtered  when  the  aluminium  has  dissolved  (the  filtrate  being  free  from 
cyanide  as  well  as  gold).  The  black  precipitate  is  dissolved  in  10  c.c.  of  boiling 
60  per  cent,  aqua  regia,  and  treated  carefully  with  stannous  chloride  solution 
until  the  yellow  colour  is  bleached,  whereupon  the  purple  tint  (purple  of 
Cassius)  develops,  and  is  constant  after  a  minute.  It  is  then  compared  with  a 
set  of  artificial  standards,  after  making  the  liquid  up  to  15  c.c.  in  a  tube  of  fixed 
diameter.  The  standard  tubes  are  filled  with  a  permanent  imitation  of  "  purple 
of  Cassius,"  made  by  mixing  copper  and  cobalt  salts  in  the  required  proportion. 
They  are  standardized  empirically.  The  sliade  is  easily  visible  with  solutions 
carrying  1  part  of  gold  per  million,  and  by  looking  down  the  tubes  (as  in 
Nesslerising),  2  grains  per  ton  (1  in  seven  millions)  can  be  detected.  Of  course, 
even  less  t^n  this  can  be  recognised,  if  more  than  100  c.c.  of  solution  be  used 
at  the  beginning. 

IODINE, 

1=1270. 
1.    By  Distillation. 

§  62.  Free  iodine  is  of  course  very  readily  estimated  by  solution 
in  potassium  iodide,  and  titration  with  starch  and  ''/iq  thiosulphate, 
as  described  in  §  38. 

Combined  iodine  in  haloid  salts,  such  as  the  alkaline  iodides,  must 
be  subjected  to  distillation,  with  hydrochloric  acid,  and  some  other 
substance  capable  of  assisting  in  the  liberation  of  free  iodine,  which 
is  received  into  a  solution  of  j)otassium  iodide,  and  then  titrated  with 
^/lo  thiosulphate  in  the  ordinary  way.  Such  a  substance  presents 
itself  best  in  the  form  of  ferric  oxide,  or  some  of  its  combinations ; 
if,  therefore,  hydriodic  acid,  or  what  amounts  to  the  same  thing,  an 
alkaline  iodide,  be  mixed  with  an  excess  of  fenic  oxide  or  chloride, 
and  distilled  in  the  apparatus  shown  in  fig.  39  or  40,  the  following 
reaction  occurs : — 

FcgOg  +  2IH  =  2FeO  +  HgO  +  Ij. 

The  be^t  form  in  which  to  use  the  ferric  oxide  is  iron  alum. 

The  iodide  and  iron  alum  being  brought  into  the  little  flask  (fig.  40), 
sulphuric  acid  of  about  1*3  sp.  gr.  is  added,  and  the  cork  carrying 
the  still  tube  inserted.  This  tube  is  not  carried  into  the  solution  of 
potassium  iodide  in  this  special  case,  but  within  a  short  distance  of  it ; 
and  the  end  must  not  be  drawn  out  to  a  fine  point,  as  there  represcinted, 
but  cut  off  straight.  The  reason  for  this  arrangement  is,  that  it  is 
not  a  chlorine  distillation  for  the  purpose  of  setting  iodine  free  from 
the  iodide  s(dution,  as  is  usually  the  case,  but  an  actual  distillation  of 
iodine,  which  would  speedily  choke  up  the  narrow  point  of  the  tube, 
and  so  prevent  the  further  progress  of  the  operation. 

As  .the  distillation  goes  on,  the  steam  washes  the  condensed  iodine 
out  of  tlie  tube  into  the  solution  of  iodide,  which  must  be  present  in 
sufficient  quantity  to  absorb  it  all.  When  no  more  violet  vapours 
are  to  be  seen  in  the  flask,  the  operation  is  ended ;  but  to  make  sure, 
it  is  well  to  empty  the  solution  of  iodine  out  of  the  condensing  tube 
into  a  beiiker,  and  put  a  little  fresh  iodide  solution  with  starch  in, 
then  heat  the  flask  again ;  the  slightest  traces  of  iodine  may  then  be 
discovered  by  the  occurrence  of  the  blue  colour  when  cooled.     In  case 
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this  occHw  tin'  (Ustillatiiin  is  continued  a  little  while,  tlicn  both  liquids 
mixe<l,  aiid  titrated  with  "/k,  thiiwulpliate  as  ttsiial. 

It  has  bpi'ii  previously  stated  that  the  nihlwr  joints  to  the  special 
apjiaratus  of  FreHeiiiu^,  Buiisen,  or  Mohr  for  iodiiie  distiUations 
are  objectionable.  Topf  avoids  this  by  tittiiig  bis  apjMiatiui  together, 
HO  that  aitbi)U(;h  mblier  is  used,  the  reagents  <lu  not  come  in  contact 
with  it  {Z.  a.  C.  xxvi. 


FiK,  44. 

Aniitber  fiirm  of  u]ii>anitui<  doMjj;ned  1>y  St»rteiibeker  {Z.  a.  V, 
xxi.K.  :;73)  is  mIihwu  in  fi({.  44,  in  which  niblx-r  joints  are  entirely 
diHl>eiis(-d  with,  and  ^lass  connections  lined.  The  connection  ])etween 
the  diHtilling  tube  and  tlie  alituirbing  apjHiTatuK  is  a  water  joint,  the 
tulM!  resting  in  a  f«xkct  kept  wet  with  water,  the  cldoride  of  ealciiini 
tul)e  is  tilleil  with  ^tuvt  [learis,  nioixteneil  with  [-iincentrate<l  Holutiun 
(if  jiotasHium  iodide,  and  the  connection  with  the  nlieorbing  apparatus 
iH  ground  in  like  an  ordinary  (itop]>er.  The  alworbing  bulbs  are 
iminerst^d  in  water  to  the  iiuddle  of  tlie  bulbs,  uud  the  iiHlide  solution 
tille<l  to  the  lower  end  of  them. 

Ferric  chloride  may  !»■  used  instead  of  the  iron  alum,  but  it  must 
!«■  free  from  nitric  acid  nr  active  chlorine  (lit*t  prejiared  from  c]ry 
Fe^O^  and  IICI). 

lUie  iodides  of  silvi-r,  mercury,  and  (m>p|ht  cannot  be  accurat«Iy 
analyzed  in  this  way,  bnt  must  be  Hj>ecially  treated.  They  shotdd  Iw 
disHolved  in  the  least  jHissibh'  quantity  of  stHlium  thiosnlpliate  solution, 
and  prei-ipitated  Iwiling  with  wxlium  sulphide,  then  tiltenil;  the 
filtrate  contains  the  whole  of  the  iodine  free  fMin  luetal.  The  filtrate 
is  evaporate<l  to  drj'ness  and  igiuted,  then  diwo'lved  in  water,  and 
distilled  with  a  (jtKjil  cxress  of  ferric  salt  {Meiisel,  Z.  a.  C.  xii.  137). 

2.    UixtureB  of  Iodides,  BromideB,  and  Chlorides. 

Donath  {Z.  a.  C.  six.  19)  has  shuwn  that  iodine  may  l>c  aecurately 
eatiraated  by  distillation  in  llie  presence  of  other  halogen  salts,  by 
means  of  a  solution  containing  abcmt  2  to  3  jier  uent.  of  chromic  aciti, 
free  from  sulphuric  acid. 
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In  the  case  of  iodides  and  chlorides  together  the  action  is  perfectly 
regular,  and  the  whole  of  the  iodine  may  he  received  into  potassium 
iodide  without  any  interference  from  tlie  cliiorine. 

In  the  case  of  bromides  being  present,  the  chromic  solution  must  be 
rather  more  dihite,  and  tlie  distillation  must  not  be  continued  more 
than  two  or  three  minute^  after  ebullition  has  commenced,  otherwise 
a  small  amount  of  bromide  is  decomix)sed. 

The  reaction  in  the  case  of  potassium  iodide  may  be  expressed  tlius : 

6KI  +  8Cr03=Ie  +  Cr.Og  +  SKoCr./)- 

Tlie  distillation  may  be  made  in  Mohr's  apparatus  (fig.  40),  using 
about  50  c.c.  of  chromic  solution  for  about  0*3  gm.  I. 

The  titration  is  made  with  thiosulphate  in  the  usual  way. 

A  much  less  troublesome  metliod  of  estimating  iodine  in  the  presence 
of  bromides  or  clilorides  has  been  worked  out  by  Cook  {J,  C.  S.  1885, 
471),  and  depends  on  the  fact  that  hydrogen  peroxide  liberates  iodine 
completely  from  an  alkaline  Imse  in  the  presence  of  excess  of  acetic 
acid,  while  neither  bromine  nor  cliiorine  are  aftected. 

Hydrogen  peroxide  alone  will  only  partially  liberate  iodine  from 
potassium  iodide,  but  with  excess  of  a  weak  organic  acid  to  combine 
with  the  alkaline  hydroxide,  the  liberation  is  complete.  Strong 
mineral  acids  must  not  be  used,  or  bromine  and  chlorine,  if  present, 
would  also  be  set  free. 

Method  of  Procedure  :  The  solution  is  strongly  acidified  with  acetic  acid, 
and  sufficient  hydrogen  peroxide  added  to  liberate  the  iodine  (5  c.c.  will  suffice 
for  1  gm.  KI).  The  mixture  is  allowed  to  stand  from  half  an  hour  to  an  hour ; 
the  whole  of  the  iodine  separates,  some  being  in  the  solid  state  if  the  quantity  is 
considerable.  Chloroform  is  now  added  in  sufficient  volume  to  dissolve  the 
iodine,  the  solution  s^'phoned  off,  and  the  globule  repeatedly  washed  with  small 
quantities  of  water  to  remove  excess  of  peroxide,  then  titrated  with  thiosulphate, 
with  or  without  starch,  in  the  usual  wa}-.  If  the  peroxide  is  not  completely 
removed  by  washing,  it  will  decompose  the  sodium  iodide  produced  in  the 
titration,  and  so  liberate  traces  of  iodine. 

The  results  obtained  by  Cook  in  mixtures  of  bromides,  iodides,  and 
chlorides,  were  about  99  per  cent,  of  the  iodine  present. 

Gooch  and  Browning  {Aviev.  J(mr.  Science  xxxix.  March,  1890, 
also  C.  N,  Ixi.  279)  ])ublish  a  method  of  estimating  iodine  in  halogen 
salts  of  the  alkalies  which  gives  excellent  results,  and  which  is  based 
on  the  fact  that  arsenic  acid  in  strongly  acid  solution  liberates  iodine, 
becoming  itself  reduced  to  arsenious  acid,  according  to  the  equation. 

H3ASO4  +  2HI  =  K,AsO,,  +  H2(:)  +  21. 

A  very  careful  series  of  experiments  ai*e  detailed  in  the  original  i)aj)er, 
the  outcome  of  the  whole  being  summarized  in  the  follo>ving  process: — 

Method  of  Procedure  :  The  substance  (which  should  not  contain  of 
chloride  more  than  an  amount  corre8X)ondiiig  to  0*5  gm.  of  sodium  chloride,  nor 
of  bromide  more  than  corresponds  to  0*5  gm.  of  potassium  bromide,  nor  of  iodide 
much  more  than  the  equivalent  of  05  g.m.  of  potassium  iodide)  is  dissolved  in 
water  in  a  conical  beaker  of  300  c.c.  capacity,  and  to  the  solution  are  added  2 
gm.  of  potassium  binarsenate  dissolved  in  water,  and  20  c.c.  of  a  mixture  of 
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sulphuric  acid  and  water  in  e(iual  volumes,  and  enough  water  to  increa«»e  the 
total  volume  to  100  c.c.  or  a  little  more.  A  platinum  spiral  is  introduced,  a 
trap  made  of  a  straight  two-bulb  drying  tube,  cut  off  short,  is  hung  with  the 
larger  end  downward  in  the  neck  of  the  liask,  and  the  liquid  is  boilea  until  the 
level  reaches  a  mark  put  upon  the  flask  to  indicate  a  volume  of  35  c.c.  Great 
care  should  be  taken  not  to  press  the  concentration  beyond  this  point  on  account 
of  the  double  danger  of  losing  arsenious  chloride  and  setting  up  reduction  of  the 
arsenate  by  the  bromide.  On  the  other  hand,  though  35  c.c.  is  the  ideal  volume 
to  be  attained,  failure  to  concentrate  below  40  c.c.  introduces  no  appreciable 
error.  The  liquid  remaining  is  cooled  and  nearly  neutralized  by  sodium  hydrate 
(ammonia  is  not  equally  good),  neutralization  is  completed  by  potassium 
bicarbonate,  an  excess  of  20  c.c.  of  the  saturated  solution  of  the  latter  is  added, 
and  the  arsenious  oxide  in  solution  is  titrated  by  standard  iodine  in  the  presence 
of  starch. 

With  ordinary  care  the  method  is  rapid,  reliahle,  and  eaj^ily 
executed,  and  the  error  is  small.  In  analyses  requiring  extreme 
accuracy,  all  but  accidental  errors  may  be  eliminated  from  the  results 
by  aj)plyinjij  the  corrections  indicated. 

The  indicated  corrections  are  based  on  a  long  series  of  experiments, 
which  cannot  well  be  given  here,  but  the  residts  may  be  stated  shortly 
as  follows : — 

When  no  chloride  or  bromide  is  pre^sent  the  iodnie  may  b(»  estimated 
with  a  mean  error  of  0*2  m.gm.  in  0*5  gm.  or  sn  of  the  alkaline  iodide. 
When  sodium  chloride  is  present  there  is  a  slight  deiiciency  in  iodin(»>, 
which  is  proportional  to  the  amount  of  iodide  docomi>osed.  For  about 
0*56  gm.  of  potassium  iodide  and  0*5  gm.  of  sodium  chloride  the 
deiiciency  in  iodine  amounted  to  O'OOll  gm.  When  the  iodide  is 
decreased,  say  to  one-tenth  or  leas,  the  deficiency  falls  to  0*0002  gm. 
The  presence  of  potassium  bromide  liberates  traces  of  bromine,  and 
consecjuently  increases  the  As(J.,,  and  gives  apparent  excess  of  iodine, 
the  mean  error  being  0*0008  gm.  for  0*5  gm.  of  bromide. 

The  simultaneous  action  of  the  chloride  and  bromide  tends  of 
course  to  n(;utralize  the  error  due  to  eAch.  Thus  in  a  mixture  weighing 
about  1*5  gm.  and  consisting  of  sodium  chloride,  potassium  bromide, 
and  potassium  iodide  in  etjual  parts,  the  mean  error  amcmnts  to 
-0*0003  gm.  The  largest  error  in  the  series  is  +0*0016  gm.,  when 
the  bromide  was  at  its  maximum,  and  no  chloride  was  present;  and 
the  next  largest  was  —00013  gm.,  when  the  chloride  was  at  its 
maximum  and  no  bromide  was  present.     • 

From  a  series  of  experiments  detailed  in  the  original  paj)er,  it  was 
deduced  that  the  amount  of  iodine  to  be  added,  in  each  case,  may  be 
obtained  by  multiplying  the  product  of  the  weights  in  grams  of  sodium 
chloride  and  potassium  iodide  by  the  constant  0*004  ;  and  the  amount 
to  be  subtracted,  by  multiplying  the  weight  in  grams  of  potassium 
bromide  by  0*0016;  but  in  onler  to  make  use  of  these  corrections, 
the  approximate  amounts  of  these  salts  must  be  known. 


8.    Titration  with  ^  Silver  and  Thiooyanate. 

The  thiocyanate  and  silver  solutions  are  described  in  §  43. 

The  iodide  is  dissolved  in  300  or  400  times  its  weight  of  water  in 
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a  well-stoppered  flask,  and  */io  silver  delivered  in  from  the  burette 
with  constant  shaking  until  the  precipitate  coagulates,  showing  that 
silver  is  in  excess.  Ferric  indicator  and  nitric  acid  are  then  added  in 
proper  proportion,  and  the  excess  of  silver  estimated  by  thiocyanate 
as  described  in  §  43. 


4.    Oxidation  of  combined  Iodine  by  Chlorine  (G-olfier 

Besseyre  and  Dupre). 

This  w^onderfully  sharp  method  of  estimating  iodine  depends  upon 
its  conversion  into  iodic  acid  by  free  chlorine.  When  a  solution  of 
potassium  iodide  is  treated  with  successive  quantities  of  chlorine 
water,  first,  iodine  is  liberated,  then  chloride  of  iodine  (ICl)  formed. 
If  starch,  chloroform,  benzole,  or  bisulpliide  of  carbon  be  added,  the 
first  will  be  turned  blue,  while  any  of  the  others  will  be  coloured 
intense  violet.  A  further  addition  of  chlorine,  in  sufficient  quantity, 
produces  ])entachloride  of  iodine  (ICl^),  or  rather,  as  water  is  present, 
iodic  acid  (I()3H).  No  colouration  of  the  above  substances  is  pro- 
duced by  these  compounds,  and  the  accuracy  with  which  the  reaction 
takes  place  has  been  made  use  of  by  Golfier  Besseyre  and  Dupr^, 
independently  of  each  other,  for  the  purpose  of  estimating  iodine. 
The  fomier  suggested  the  use  of  starch,  the  latter  chloroform  or 
benzole,  with  very  dilute  chlorine  water.  Dupr^'s  method  is 
preferable  on  many  accounts. 

Example  :  30  c.c.  of  weak  chlorine  water  were  put  into  a  beaker  with 
pota98ium  iodide  and  i^tarch,  and  then  titrated  with  ^/loo  thioeulphate,  of  which 
17  c.c.  were  required. 

10  c.c.  of  solution  of  potassium  iodide  containing  O'OIO  gm.  of  iodine  were 
put  into  a  stoppered  bottle,  chloroform  added,  and  the  same  chlorine  water  as 
ahove  delivered  in  from  the  burette,  with  constant  shaking,  until  the  red  colour 
of  the  chlorofoim  had  disappeared :  the  quantity  used  was  85'8  c.c.  The  excess 
of  chlorine  was  then  ascertained  by  adding  sodium  bicarbonate,  potassium  iodide, 
and  starch.  A  slight  blue  colour  occurred;  this  was  removed  by  ^/loo  thiosul- 
phate,  of  which  1*2  c.c.  was  used.  'Sow,  as  30  c.c.  of  the  chlorine  solution 
required  17  c.c,  the  858  c.c.  requirf d  4862  c.c.  of  thiosulphate.  From  this, 
however,  must  be  deducted  the  1*2  c.c.  in  excess,  leaving  47'42  c.c. 
^/loo  =  4*742  c.c.  of  *'/io  solution,  which  multiplied  by  0*00211,  the  one- 
sixth  of  TuinTs  ^^l-  (I  cq.  of  iodic  acid  liberating  6  eq.  iodine),  gave  0*010056  gm. 
iodine  instead  of  0*01  gm. 

Mohr  suggests  a  modification  of  this  method,  which  disi)enses  with 
the  use  of  chloroform,  or  other  similar  agent. 

The  weighed  iodine  compound  is  brought  into  a  stoppered  flask,  and  chlorine 
water  delivered  from  a  large  burette  until  all  yellow  colour  has  disappeared.  A 
drop  of  the  mixture  brought  in  contact  with  a  drop  of  starch  must  produce  no 
blue  colour:  sodium  bicarbonate  is  then  added  till  the  mixture  is  neutral  or 
slightl.v  alkaline,  together  with  potassium  iodide  and  starch ;  the  blue  colour  is 
then  removed  b}-  ^/lo  thiosulphate.  The  strength  of  the  chlorine  water  being 
known,  the  calculation  presents  no  difficulty. 

Mohr  obtained  by  this  means  0*010108  gm.  iodine,  instead  of 
1-01  gm. 
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6.    Oxidation  by  Permanganate  (Reinige). 

This  proceas  for  estimating  iodine  in  presence  of  hroniides  and 
chlorides  gives  satisfactory  results. 

When  i)otas8ium  io<lide  and  permanganate  are  mixed,  the  rose 
colour  of  the  latter  di8apj)ears,  a  brown  precipitate  of  manganic 
peroxiile  results,  and  free  iwtash  with  potassium  iodide  remains  in 
soluti(m.     1  eq.  1=127  reacts  on  1  eq.  KgMugOg^SlG,  thus — 

KI  +  KgMngOg  =  KlOg  +  K,p  +  2Mn02. 

Heat  accelerates  the  reaction,  and  it  is  advisable,  especially  with  weak 
solutions,  to  add  a  small  quantity  of  potassium  carbonate  to  increase 
tlie  alkalinity.     No  organic  matter  must  l>e  present. 

The  jKinnanganate  and  thiosulphate  solutions  required  in  the  jirocess 
may  conveniently  be  of  ^/lo  strength,  but  their  i*eactiun  upon  each 
other  must  Ije  definitely  fixed  by  experiment  as  follows : — 2  c.c.  of 
jiermanganate  solution  are  freely  diluted  with  water,  a  few  drojw  of 
scnlium  carlnmate  added,  and  the  thiasulphate  added  in  very  small 
portions  until  the  rose  colour  is  just  discharged.  The  slight  turbidity 
produced  by  tlie  precipitation  of  hydrated  manganic  oxide  need  not 
interfere  with  tlie  observation  of  the  exact  point. 

Method  of  Prockduke  :  The  iodine  compound  bein^  dissolved  in  water, 
and  always  existing  only  in  combination  with  alkaline  or  earthy  bases,  is  heated 
to  gentle  boiling,  rendered  alkaline  with  sodium  or  potassium  carbonate,  and 
permanganate  added  till  in  distinct  excess,  best  known  by  removing  the  liquid 
from  the  fire  for  a  minute,  when  the  precipitate  will  subside,  leaving  the  upper 
liquid  rose-coloured  ;  the  whole  may  then  be  poured  into  a  500-c.c.  flask,  cooled, 
diluted  to  the  mark,  and  100  c.c.  taken  out  for  titration  with  thiosulpliate.  The 
amount  so  used,  being  multiplied  by  5,  will  give  the  proportion  required  for  the 
whole  liquid,  whence  can  be  calculated  the  amount  of  iodine.  To  prove  the 
accuracy  of  the  process  in  a  mixture  of  iodides,  bromides,  and  chlorides,  with 
excess  of  alkali,  the  following  experiment  was  made.  7  gm.  commercial 
potassium  bromide,  the  same  of  sodium  chloride,  with  1  ^n.  each  of  potassium 
hydrate  and  carbonate,  were  dissolved  in  a  convenient  quantity  of  water,  and 
heated  to  boilini? ;  pemian^nate  was  then  added  cautiously  to  destroy  the  traces 
of  iodine  and  other  impurities  affecting  the  permanganate  so  long  as  decoloura- 
tion took  place;  the  slightest  excess  showed  a  >?reen  colour  (man^nate).  To 
the  mixture  was  then  added  0'1246  gm.  pure  iodine,  and  the  titration  continued 
as  described  :  the  result  was  0*125  gm.  I. 

With  systematic  solutions  of  permanganate  and  thiosulphate  the 
calcidation  is  as  follows  : — 

1  c.c.  ^/lo  solution  =  0-01 27  gm.  I. 

6.    By  Nitrons  Acid  and  Carbon  Bisulphide  (Fresenius). 

This  process  requires  the  following  standanl  solutions  : — • 

(a)  Potassium  iodide,  about  5  gm.  per  liter. 

(b)  ^otlium  thiosulphate,  ^^^^  normal,  12*4  gm.  per  liter,  or 
thereabout. 

(c)  Nitrous  acid,  prepared  by  jiassing  the  gas  into  tolerably  strong 
sulphuric  acid  until  saturated. 
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(d)  Pure  carbon  bisulphide. 

(e)  Solution  of  sodium  bicarbonate,  made  by  dissolving  5  gm.  of 
the  salt  in  1  liter  of  water,  and  adding  1  c.c.  of  hydrochloric  acid. 

Method  of  Pbocedube  :  The  strength  of  the  sodium  thiosulphate  in 
relation  to  iodine  is  first  ascertained  by  placing  50  c.c.  of  the  iodide  solution  into 
a  500  c.c.  stoppered  flask,  then  about  150  c.c.  water,  20  c.c.  carbon  bisulphide, 
then  dilute  sulphuric  acid,  and  lastly,  10  drops  of  the  nitrous  solution.  The 
stopper  is  then  replaced,  and  the  whole  well  shaken,  set  aside  to  allow  the  carbon 
liquid  to  settle,  and  the  supernatant  liquid  poured  into  another  clean  flask.  The 
carbon  bisulphide  is  then  treated  three  or  four  times  successively  with  water  in 
the  same  way  till  the  free  acid  is  mostly  removed,  the  washings  being  all  mixed 
in  one  flask  ;  10  c.c.  of  bisulphide  are  then  added  to  the  washings,  well  shaken, 
and  if  at  all  coloured,  the  same  process  of  washing  is  carried  on.  Finally,  the 
two  quantities  of  bisulphide  are  brought  upon  a  moistened  filter,  washed  till  free 
from  acid,  a  hole  made  in  the  filter,  and  the  bisulphide  which  now  contains  all 
the  iodine  in  solution  allowed  to  run  into  a  clean  small  flask,  30  c.c.  of  the  sodium 
bicarbonate  solution  added,  then  brought  under  the  thiosulphate  burette,  and  the 
solution  allowed  to  flow  into  the  mixture  while  sliaking  until  the  violet  colour  is 
entirely  discharged.  The  quantity  so  used  represents  the  weight  of  iodine  con- 
tained in  50  c.c.  of  the  standard  potassium  iodide,  and  may  be  used  on  that  basis 
to  ascertain  any  unknown  weight  contained  in  a  similar  solution. 

When  verj'^  small  quantities  of  iodine  are  to  be  titrated,  weaker  solutions 
and  smaller  vessels  may  be  used. 

7.    By  ^  Silver  Solution  and  Starch  Iodide  (Fisani.) 

The  details  of  this  process  are  given  under  the  head  of  silver  assay 
(§  73.3),  and  are  of  course  simply  a  reversal  of  the  method  there  given. 
This  method  is  exceedingly  serviceable  for  estimating  small  quantities 
of  combined  iodine  in  the  presence  of  chlorides  and  bromides,  inasmuch 
as  the  silver  solution  does  not  react  upon  these  bodies  until  the  blue 
colour  is  destroyed. 

IBON. 

Fe  -  56. 
Factors. 

1  c.c.  ^/lo  permanganate,  bichromate, 

or  thiosulphate  =  0*0056  Fe 


>>  >»  »> 
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=  0-0080  Fe^Og 

ESTIMATION  IN  THE  FERROUS  STATE. 

1.    Verification  of  the  standard  solutions  of 
Fermanganate  or  Bichromate. 

§  63.  The  estimation  of  iron  in  the  ferrous  state  has  already  been 
incidentally  described  in  §§  34,  35,  and  37.  The  present  and  following 
sections  are  an  amplification  of  the  methods  there  given,  as  applied 
more  distinctly  to  ores  and  products  of  iron  manufacture ;  but  before 
applying  the  permanganate  or  bichromate  process  to  these  substances, 
and  since  many  operators  prefer,  with  reason,  to  standardize  such 
solutions  upon  metallic  iron,  especially  for  use  in  iron  analysis,  the 
best  method  is  given  in  §  34.2a.    The  ap^mratus  used  is  shown  in  fig.  45. 
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Instead  of  tlie  two  flasks,  many  oj)erators  use  a  single  flask,  fitted 
with  caoutchouc  stopper,  through  which  a  straight  glass  tube  is  passed, 
fitted  with  an  india-niblM^r  slit  valve  (known  as  Bun  sen's  valve), 
which  allows  gas  or  vajiour  to  i)ass  out,  but  closes  by  atmospheric 
pressure  when  the  evolution  ceases.  Another  arrangement  is  descriljed 
in  S  34.2a. 


Fig.  45. 

A  large  number  of  technical  operators  do  not  trouble  themselves 
to  arrange  any  apjwiratus  of  the  kind  described,  but  simply  dissolve 
a  weighed  quantity  of  wire  of  known  ferrous  contents  in  a  conical 
beaker  covered  with  a  clock  glass.  If  kept  fnmi  draughts  of  cold  air 
while  dissolving  so  as  to  avoid  convection,  it  is  said  that  practically  no 
oxidation  takes  j)lace. 

•  The  double  iron  salt  (§  34.2^)  is  a  very  convenient  material  for 
adjusting  standanl  solutions,  but  it  must  be  most  carefully  made  frt)m 
pure  materials,  dried  perfectly  in  the  granular  form,  and  kept  from  the 
light  in  small  dry  bottles,  well  closed. 

It  should  l>e  lH)nie  in  mind  that  ferrous  compounds  are  much  more 
stabh*  in  sulphuric  than  in  hydrochloric  acid  solution,  and  whenever 
possible,  sulphuric  acid  should  Ije  used  as  the  solvent.  When  hydro- 
chloric acid  must  l>e  used,  and  i)ermanganate  is  employed,  some 
manganous  or  ammonium  sulphate  should  1k»  added  unless  the  solution 
is  very  dilute. 

2.    Beduotion  of  Ferrio  Compounds  to  the  Ferrous  State. 

This  may  be  accomplished  by  metallic  zinc  or  magnesium,  for  use  with 
permanganate,  or  by  stannous  chloride  or  an  alkaline  sulphite  for  bichromate 
solution.  The  magnesium  method  is  elegant  and  rapid,  but  costly.  In  the 
case  of  zinc  being  used,  the  metal  must  either  be  free  from  iron,  or  if  it  contain 
any,  the  exact  quantity  must  be  known  and  allowed  for ;  and  further,  the  pieces 
of  zinc  u>«ed  must  be  entirely  dissolved  before  the  solution  is  titrated.*    The 

*  Beebe  (C.  N.  liii.  269)  tuggevts  the  following  convenient  arrangement :— A  strip  of  thin 
platinum  foil.  1  in.  square,  is  perforated  with  pin  holes  all  over,  then  bent  into  a  (J  form, 
and  the  ends  connected  with  platinum  wire  so  as  to  form  a  basket.  In  thin  is  placed  a  piece 
of  amalgamated  zinc  and  the  whole  suspended  by  a  stout  platinum  wire  in  the  reduc^iflr 
flask.  When  lowered  into  the  solution,  another  strip  of  platinum  foil.  2  in.  square,  is 
dropped  in  and  leaned  axaiast  the  wire  <x.rryiiig  the  basket ;  a  very  free  evolution  of 
hy^ofpen  ia  then  obtained  from  the  foil.  When  the  reduction  is  complete,  the  basket  is 
lilted  out  and  well  washed  into  the  beaker  containing  the  liauid  to  be  treated.  C.  J  one  s ' 
reductor  is  often  used,  as  described  on  page  2*^3.  Anotner  method  with  zinc  dust  is 
shown  on  the  next  page. 
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solution  to  be  reduced  by  zinc  should  not  contain  more  than  015  gm.  Fe  per 
250  c.c,  and  for  ttds  quantity  about  10  gm.  of  Zn  and  25  c.c.  H2SO4  are 
advisable;  when  the  zinc  is  all  dissolved,  the  whole  should  be  boiled  with 
exclusion  of  air,  then  cooled  rapidly  before  titration  with  the  permanganate.  In 
the  case  of  stannous  chloride  the  solution  must  be  clear,  and  is  best  made  to 
contain  10  to  15  gm.  per  liter,  as  directed  in  §  37.2.  The  point  of  exact 
reduction  in  the  boiling  hot  and  somewhat  concentrated  acid  liquid  may  be 
known  very  closely  by  the  discharge  of  colour  in  the  ferric  solution  ;•  but  may  l)e 
made  sure  by  the  use  of  a  saturated  aqueous  solution  of  mercuric  chloride  as 
mentioned  in  §  37. 

It  is  exceedingly  difficult  to  hit  the  exact  j)oiiit  of  reduction  .so 
that  there  shall  be  neitlier  excess  of  tin  nor  unreduced  iron,  and 
technical  iron  analysts  now  almost  universally  use  mercuric  chloride 
as  a  precaution  against  excess  of  tin  solution.  The  general  method 
of  procedure  is  to  dissolve  the  material  in  diluted  hydrochloric  acid 
(1  acid  2  water)  in  a  conical  beaker  moderately  heated  over  a  rose 
burner ;  when  solution  is  complete  the  sides  of  the  vessel  are  washed 
down  with  hot  water,  the  liquid  brought  to  gentle  boiling,  and  strong 
tin  solution  added  from  a  dropphig  bottle  until  the  colour  of  the  iron 
solution  is  nearly  discharged,  a  dilute  tin  solution  is  then  dropped  in 
until  all  colour  has  disappeared,  and  there  is  a  decided  slight  excess  of 
tin.  Cold  air-free  water  is  then  washed  over  the  sides  of  the  beaker, 
the  vessel  covered  with  a  clock-glass  placed  in  a  lx)wl  of  cold  water 
and  allowed  to  cool,  and  a  slight  excess  of  the  mercuric  solution  is 
then  added,  and  the  titration  with  bichromate  is  at  once  completed  in 
the  usual  way. 

Some  technical  operators  prefer  to  use  sodium  sulphide  oT 
ammonium  bisulphite  for  the  reduction.  In  the  case  of  using  the 
sodium  siUphite  the  solution  of  iron  must  not  be  too  acid  and 
should  be  dilute,  say  a  volume  of  half  a  liter  for  ^  gm.  of  Fe,  the 
sulphite  is  added  and  the  flask  gently  heated  till  the  liquid  is 
colourless.  It  is  then  boiled  briskly  till  all  SO.^  is  dissipated,  when 
cooled  it  is  ready  for  titration  with  bichromate.  In  the  case  of  ores 
containing  titanium  it  is  preferable  to  avoid  the  use  of  zinc  for 
reduction,  as  it  reduces  also  more  or  less  tlie  titanium ;  alkaline 
sulphide  does  not. 

The  procedure  with  ammonium  bisulphite  is  a**  follows :  —  (A  listen,  C  ^y.  xlvi. 
287.)  To  the  acid  solution  of  the  ore  or  metal,  diluted  and  filtered,  ammonia  is 
added  until  a  faint  precipitate  of  ferric  oxide  occurs.  This  is  re-dissolved  with  a 
few  drops  of  HCl,  and  some  strong  solution  of  bisulphite  added,  in  the  proportion 
of  about  1  c.c.  for  each  0*1  gm.  of  ore,  or  0*05  gm.  Fe.  The  mixture  is  well 
stirred,  boiling  >\-ater  added,  then  acidified  with  dihite  sulphuric  acid,  and  boiled 
for  half  an  hour :  it  is  then  ready  for  titration. 

1).  J.  Carnegie  (J.  C.  S.  liii.  468)  points  out  the  value  of  zinc  dust  for  the 
rapid  reduction  of  ferric  solutions,  and  suggests  the  following  method  of  carrj'ing 
it  out. 

The  bottom  of  a  dry  and  narrow  beaker  is  covered  with  zinc  dust  sifted  through 
muslin.  A  known  volume  of  ferric  solution,  previously  nearly  neutralized  with 
ammonia,  is  placed  in  the  beaker  and  shaken  with  the  zinc  dust ;  then  a  known 
volume  of  dilute  sulphuric  acid  is  added  and  shaken  for  a  few  moments.  Tlie 
reduction  is  much  more  rapid  in  neutral  than  in  acid  solutions,  but  of  course 
acid  in  this  case  must  be  present  in  excess  to  keep  the  iron  in  solution. 
Carnegie  withdraws  a  portion  of  the  reduced  solution  from  the  undissolved 
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zinc  by  help  of  a  filter,  8Uoh  as  is  dcHoribed  ou  p.  18,  aud  as  measured  volumes 
have  been  used,  an  aliquot  part  taken  with  a  pipette  may  be  at  onoe  titrated,  and 
the  amount  of  iron  found.* 

Clemens  Jones  in  a  paper  read  before  the  American  Institute  of  Mining 
Engineers,  and  which  is  reproduced  in  C.  N.  \x.  93,  adopts  the  plan  suggested  by 
Carnegie,  and  has  designed  a  sjiecial  apparatus  for  filtering  the  ferric  solution 
through  a  column  of  zinc  dust.  This  arrangement  gives  complete  reduction  in 
a  very  short  period  of  time,  and  is  serviceable  where  a  large  number  of  titrations 
have  to  be  carried  on. 


ESTIMATION    OF    IRON    IN    THE   FERRIC    STATE. 
1.    Direot  Titration  of  Iron  by  Stannous  Chloride  (see  §  37). 

2.    Direct  Titration  of  Iron  by  Titanons  Chloride. 

§  64.  TiTANOus  chloride  (TiCl^)  has  ])een  mentioned  in  §  33  as 
a  rapid  and  powerful  deoxidiser.  It  was  brought  to  this  vohnuetric 
use  by  E.  Knecht  (Journ,  Dyers  ami  ColouriMs  Soc.  xix.  Xo.  6),  It 
was  used  by  him  for  ascertaining  the  purity  of  azo  dyes  and  nitro 
compounds,  etc. 

Being  naturally  very  sensitive  to  oxygen  or  air,  it  is  necessary  to 
preserve  its  solution  under  a  slight  pressure  of  hydrogen.  The 
method  of  doing  this  is  shewn  by  fig.  46.  Sufficient  of  the  TiCl.j 
solution  is  prepared  to  completely  fill  the  storage  vessel,  which  is 
connected  with  the  burette,  both  storage  vessel  and  burette  being 
kept  under  constant  hydrogen  pressure  from  the  small  hydrogen 
generator  where  the  gas  is  produced  fnnn  granulaU'd  zinc  and  dilute 
sulphuric  acid.  Wlien  li(]uid  is  withdrawn  from  the  burette,  the 
pressure  is  released  and  hydn)gen  is  at  once  generated,  so  that  the 
interior  of  the  apparatus  which  is  not  filled  with  li(juiil  contains 
hydrogen  at  a  pressure  of  about  three  inches.  By  tliis  simple  means 
the  solution  may  be  kept  unchanged  for  a  considerable  period.  The 
same  arrangement  is  used  in  the  titration  of  the  azo  and  other  nitro 
compounds.  F'or  ferric  salts  tlie  same  standanl  solution  as  is  used  in 
titrating  the  azo  dyes,  viz.,  about  1  j>er  cent,  of  TiCl.^.  A  fairly  pure 
solution  of  this  salt  is  made  commercially  of  al)out  20  ptir  cent, 
strength  for  dyeing  purposes,  therefore  to  prejmre  a  standanl  solution 
50  c.c.  of  the  commercial  titanous  chloride  solution  is  mixed  with  the 
same  volume  of  strong  hydrochloric  acid,  and  boiled  in  a  flask  for 
a  few  minutes,  then  made  up  to  a  liter  with  distilled  water,  which  has 
been  previously  boiled  with  a  little  HCl  and  a  small  piece  of  marble  to 
expel  dissolved  oxygen. 

To  ascertain  the  exact  strength  of  the  above  mentioned  solution 

*  CommerciAl  zinc  dost  Ih  probably  a  bjr-product  in  zinc  manufacture,  and  cannot  there- 
fore be  obtained  pore.  Samples  examined  by  myself,  and  apparently  others  ulso,  do  not. 
however,  contain  much  iron,  but  a  groc>d  deal  of  sine  oxide  with  traces  of  cadmium  and  lead. 
Carnesrie  states  that  the  oxide  may  be  removed  bv  repeatedly  diirestiiiK  wi'h  weak  acid, 
and  still  better,  bv  treatment  with  ammonium  chloride  and  ammonia,  the  well- washed  dust 
being  finally  dried  on  porous  tiles  in  a  vacuum.  I  And  that  by  washin/  once  with  strong 
alcotiol  after  the  water  and  flniUy  with  ether,  the  dust  may  be  rapidly  dried  in  good  cou' 
dition,  and  when  a  Quantity  of  such  purified  dust  is  obtained,  its  amount  of  iron  may  easily 
be  estimated  once  for  all,  and  allowed  for  in  titration.  Good  xino  dust  is  undoubtMly  a 
valuable  reagent  in  a  laboratory  for  other  purposes  beside  iron  titrations. 
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solved  in  dilute  sulphuric 
acid,  and  made  tip  to  a  liter 
at  16°. 

25  e.c,  of  this  ferrous 
solution  =-0-125  gni.  Fe  are 
then  measured  into  a  Hask, 
and  we&k  permanganate 
solution  run  in  until  a  pink 
eolour  is  juat  |)erceptible  and 
all  the  iron  is  in  the  ferric 
state,  Tliis  solution  is  then 
titrated  with  the  titanoua 
solution  at  ordinary  temper- 
ature, and  the  end  of  the 
procesis  is  found  by  mixing 
a  drop  of  the  solution  with 
a  drop  of  siolution  of  [iotas- 
si  um  sulphoeyanide  on  a 
white  plate  till  the  red  colour 
no  longer  appears.  The  exact 
strength  of  the  ferric  solution 
being  known,  the  iron  value 
per  c.c.  of  the  titanoua  chloride 
solution  is  easily  calculated. 
The  reaction  which  takes  place 
is, 
yeClj  +  TiClg  =  FeCl,  +  TiCl,. 

In  a  solution  containing 
Imth  ferric  and  ferrous  com- 
pounds the  ferrous  salt  may 
be  first  estimated  by  per- 
manganate. All  the  iron 
being  now  in  the  ferric  state 
may  be  estimated  by  the 
titanouB  chloride  and  the 
relative  proportions  of  each 
ascertained. 

2.  Titration  by  Sodium 
Thiosulpliate. 
Seherer  first  suggested 
the  direct  titration  of  iron 
thiosulphate,  which  latter  was 
added  to  a  solution  of  ferric 
chloride  until  no  further  violet 
colour  was  produced.      This 
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was  found  by  many  to  he  inexact;  hut  Kremer  {Joum.  /.  Prod, 
Chejn,  Ixxxiv.  339)  has  made  a  series  of  practical  exjwriments, 
the  result  of  which  is  that  the  following  modified  metho<i  can  he 
recommended. 

The  reaction  which  takes  place  is  such  as  to  produce  ferrous 
chloride,  sodium  tetrathionate,  and  chloride.  2S203Na2  +  FcgCl^, + 
2HCl  =  S/)gH2  +  4NaCl  +  2FeCl2.  The  thiosulphate,  which  may 
conveniently  he  of  ^/lo  strength,  is  added  in  excess,  and  the  excess 
determined  hy  iodine  and  starch. 

Method  of  Procedube  :  The  iron  solution,  containing  not  more  than  1  per 
cent,  of  metalf  which  must  exist  in  the  ferric  state  without  an^  excess  of  oxidizing 
material  (best  obtained  by  adding  excess  of  hydrogen  peroxide,  then  boiling  tin 
the  excess  is  expelled),  is  moderately  acidified  with  hydrochloric  acid,  sodium 
acetate  added  till  the  mixture  is  red,  then  dilute  hydrochloric  acid  until  the  red 
colour  disappears ;  then  diluted  till  the  iron  amounts  to  i  or  i  per  cent.,  and 
^/lo  thiosulphate  added  in  excess,  best  known  hy  throwing  in  a  particle  of 
potassium  sulphocyanide  aft«r  the  violet  colour  produced  has  disappeared ;  if  any 
red  colour  occurs,  more  thiosulphate  must  be  added.  Starch  and  ^/lo  iodine 
are  then  used  to  ascertain  the  excess.  A  mean  of  several  experiments  gave 
10006  Fe,  instead  of  100. 

J.  T.  Norton  {J.  Am.  C.  S.  1899, }).  25)  has  carefully  ex]>erimented 
on  this  metho<l  and  found  that  it  needs  careful  management  to  insure 
accurate  results.  The  volume  of  dilution  and  amount  of  acid  must 
he  carefully  regulated,  so  also  must  the  amount  of  thiosulphate  used 
in  excess.  There  should  always  he  at  least  15  c.c.  of  thiosulphate  in 
excess  with  O'l  gm.  of  ferric  oxide  and  1  c.c.  of  strong  hydrochloric 
acid  in  not  less  than  400  or  500  c.c.  of  freshly  hoiled  water  used  for 
dilution.  The  time  occupied  in  reduction  should  he  as  short  as 
possible. 

Method  of  Procedure  :  In  treating  ferric  oxide,  the  following  method  is 
recommended  : —  Dissolve  an  amount  not  exceeding  0*2  gm.  of  the  oxide  in  2  c.c. 
of  hydrochloric  acid,  evaporate  to  a  pasty  mass,  dilute  to  about  800  c.c.  with 
freshly-boiled  wat£>r,  add  a  drop  of  potassium  sulphocyanide,  and  into  this 
solution  run  50  c.c.  of  ^/lo  sodium  thiosulphate  ;  allow  the  liquid  to  stand  until 
perfectly  colourless,  and  determine  the  excess  of  thiosulpliatc  by  ^/lo  iodine  and 
starch.  For  quantities  of  iron  oxide  up  to  0'2  gm.  this  process  is  quick  and  most 
accurate ;  when  care  is  taken  to  preser\'e  the  relations  of  acidity  and  dilution, 
twice  the  amount  of  ferric  oxide  mentioned  above  may  be  handled. 

The  accuracy  of  the  process  is  not  interfered  with  by  the  presence 
of  salts  of  the  alkalies,  strontia,  lime,  magnesia,  alumina,  or  manganous 
oxide;  neither  do  salts  of  nickel,  col)alt,  or  copper,  unless  their  quantity 
is  such  as  to  give  colour  to  the  solution. 

The  process  is  a  rapid  one,  and  with  care  gives  very  satisfactory 
results. 


8.    Estimation  with  Iodine  and  Sodium  Thiosulphate. 

When  ferric  cliloride  is  digested  with  potassium  iodide  in  excess, 
iodine  is  liberated,  which  dis.solves  in  the  free  potassium  io^lide — 

FeCl3  +  KI  =  FeCLj  +  KCl  +  L 
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Method  of  Procedure  :  The  hj-drochloric  acid  solution,  which  must 
contain  no  free  chlorine  or  nitric  acid,  and  all  the  iron  in  the  ferric  state,  is 
neariy  neutralized  with  caustic  potash  or  soda,  transferred  to  a  well-stoppered 
flask,  and  an  excess  of  strong  solution  of  potassium  iodide  added;  it  is  then 
heated  to  60**  or  60**  C.  on  the  water  bath,  closely  stoppered,  for  about  twenty 
minutes ;  the  flask  is  then  cooled,  starch  added,  and  titrated  with  thiosulphate 
till  the  blue  colour  disappears.  This  process  gives  very  satisfactory  results  in 
the  absence  of  all  substances  liable  to  afTect  the  potassium  iodide,  such  as  free 
chlorine  or  nitric  acid,  and  is  particularly  ser\'ic«ible  for  estimating  small 
quantities  of  iron. 

Instead  of  starch  another  indicator  is  suggested  by  Has  well  (ZeUs.f.  angew. 
Chem.  xlix.  1265).  To  an  aliquot  portion  of  the  solution  of  the  ferric  salt 
a  little  cupric  sulphate  and  salicylic  acid  are  added  as  an  indicator,  and  then 
from  a  burette  standard  thiosulphate  solution  is  run  in  until  the  violet  coloration 
is  entirely  destroyed.  The  liquid  is  then  titrated  back  >rith  the  solution  of  the 
ferric  salt,  until  the  colour  just  reappears. 

4.    Estimation  of  Iron  by  Colour  Titration. 

These  methods,  which  approach  m  delicacy  the  Nessler  test  for 
ammonia,  are  applicable  for  very  minute  quantities  of  iron,  such  as 
may  occur  in  the  ash  of  hread  when  testing  for  alum,  water  residues, 
alloys,  and  similar  cases. 

It  is  first  necessary  to  have  a  standard  solution  of  iron  in  the  ferric  state,  which 
can  be  made  b^  dissolving  1'004  gm.  of  iron  wire  in  nitro-hydrochloric  acid, 
precipitating  with  ammonia,  washing  and  re-dissolving  the  ferric  oxide  in  a  little 
hydrochloric  acid,  then  diluting  to  one  liter.  1  c.c.  of  this  solution  contains 
1  milligram  of  pure  iron  in  the  form  of  ferric  chloride.  It  may  be  further  diluted, 
when  required,  so  as  to  contain  ^  milligram  in  a  c.c,  and  this  is  the  best 
standard  to  use.*  The  solution  for  striking  the  colour  is  either  potassium 
ferrocyanide  or  thiocyanate  dissolved  in  water  (1  :  20). 

Procedube  with  Ferrocyanide:  The  material  containing  a  minute 
unknown  quantity  of  iron,  say  a  water  residue,  is  dissolved  in  hydrochloric  acid, 
and  dilut^  to  100  c.c,  or  any  other  convenient  measure.  10  c.c.  are  placed 
into  a  white  glass  cylinder  marked  at  100  c.c,  1  c.c  of  concentrated  nitric  acid 
added  (the  presence  of  free  acid  is  always  necessary  in  this  process),  then  diluted 
to  the  mark  with  distilled  water,  and  well  stirred. 

1  c.c.  of  ferrocyanide  solution  is  then  added,  well  mixed,  and  allowed  to  stand 
at  rest  a  few  minutes  to  develop  the  colour. 

A  similar  cylinder  is  then  filled  with  a  mixture  of,  say  1  c.c.  of  standard  iron 
solution,  1  c.c  nitric  acid  and  distilled  water,  and  1  c.c.  ferrocyanide  added ;  if 
this  does  not  approach  the  colour  of  the  first  mixture,  other  quantities  of  iron 
are  tried  until  an  exact  similarity  of  colour  occurs.  The  exact  strength  of  the 
iron  solution  being  known,  it  is  easy  to  arrive  at  the  quantity  of  pure  iron 
present  in  the  substance  examined,  and  to  convert  it  into  its  state  of  combination 
by  calculation. 

Carter  Bell  {J.  S.  C.  I.  viii.  175)  adopts  the  following  plan  in  the 
cajje  of  waters  : — 70  c.c.  of  the  water  are  evaporated  to  dryness  in 
a  platinum  dish,  and  gently  ignited  to  burn  off  organic  matters. 
1  c.c.  of  dilute  nitric  acid  (50  c.c.  of  strong  acid  in  a  liter)  is  then 
poured  over  the  residue  from  a  pipette,  and  evaporated  to  dryness  in 
the  water  bath ;  the  residue  is  then  dissolved  in  1  c.c.  of  a  10  per 

*  A  solution  of  this  strength  can  also  be  made  by  weighing  0*7  gm.  of  pure  ammonium- 
ferrous  sulphate  (§  34.2  b),  dissolving  in  water,  acidifying  with  sulphuric  acid,  adding 
sufficient  permanganate  solution  to  conyert  the  iron  exactly  into  feme  salt,  then  diluting 
to  1  liter.'  Hydrogen  peroxide  may  also  be  used  in  place  of  permang^anate,  taking  care  to 
dissipate  the  excess  by  boiling. 


§  65.  IRON  ORES.  227 

cent,  hydrochloric  acid,  5  or  10  c.c.  of  distilled  water  added,  and  tlie 
solution  filtered  and  washed  through  a  small  filter,  and  made  up  to 
50  c.c.  in  a  Nessler  glass;  and  finally  tasted  with  1  c.c.  each  of 
ferrocyaniile  solution  and  nitric  acid. 

With  Thiocyanate.— Thomson  (/.  C.  S,  1885,  493)  recommends 
this  method  as  being  sj>e43ially  available  in  the  presence  of  other 
ordinary  metals  and  organic  matters,  silver,  copper,  and  cobalt  being 
the  only  interfering  substances.  The  delicacy  is  said  to  be  such,  that 
1  part  of  iron  can  be  recognised  in  50  million  parts  of  water.  The 
presence  of  free  mineral  acids  greatly  adds  to  the  sensitiveness. 
The  standanl  ferric  solution  may  be  the  same  as  for  ferrocyanide ; 
and  in  preparing  the  material  for  titration,  the  wiughed  <iuantity  is 
dissolved  in  an  appropriate  acid,  evaporated  nearly  to  dryness,  taken 
up  with  water,  converted  into  the  ferric  state  by  cautious  aildition  of 
permanganate,  then  diluted  with  water  to  a  measured  volume,  and  an 
aliquot  j)ortion  taken  for  titration. 

The  standard  iron  used  by  Thomson  =  y^^  m.gm.  i>er  c.c.  (0*7  gm. 
double  iron  salt  [oxidized]  per  liter). 

GxAMPLE  :  Into  two  colourlesj*  glass  cyUuder.^  marked  at  100  c.c.  ])Our  5  c.c. 
of  nitric  or  hydrochloric  acid  (1:5),  together  with  15  c.c.  of  dilute  thioc^Tinate, 
and  to  one  glass  a  measured  volume  of  the  solution  to  be  tested ;  fill  u[)  both 
glasses  to  the  mark  with  pure  water.  If  iron  be  present,  a  blood  red  colour 
more  or  less  intense  will  be  produced.  Standard  iron  is  then  cautiously  added 
from  a  burette  to  the  other  glass  till  the  colour  agrees.  The  quantity  of  Fe 
taken  should  not  require  m')re  than  2  or  3  c.c.  of  the  standard  to  equal  it,  or  the 
colour  will  be  too  deep  for  comparison. 

If  otlier  m(».tals  are  i>rcsont  wliich  form  two  sets  of  salts,  tliey  must 
be  in  the  higlier  state  of  oxiilation,  or  the  colour  is  destroyed.  Oxalic 
acid  also  destroys  it.  Examples  in  the  presence  of  a  great  variety  of 
metals  show  very  good  results. 

IRON    OBES. 

§  65.  The  great  desideratum  in  the  analysis  of  iron  ores  is  to  get 
them  into  the  finest  possible  state  of  division,  and  ten  minutt^s'  hard 
work  with  the  agJite  mortar  will  often  save  hours  of  treatment  of  the 
material  with  acids.  The  operator  of  experience  can  generally  tell  if 
the  ore  to  be  examined  will  dissolve  in  acids.  Some  clay  iron  stones 
and  brown  haematites  contain  organic  matters,  and  they  are  best  first 
roaste<l  in  an  oimju  platinum  crucible,  gradually  raising  the  heat  to 
redness ;  this  course  is  advisable  also  when  an  ore  contains  pyrites ; 
this  latter  is  easily  converted  to  FegOg  by  roasting.  The  proj)ortion  in 
iron  ores  is  generally  under  half  a  per  cent.  Some  ores  give  a  residue 
in  any  case  by  treatment  with  HCl,  this  should  be  se{)arated  by 
filtration  and  fused  with  sodium  carbonate  which  will  render  all  the 
iron  in  a  soluble  state.  In  the  analysis  of  iron  ores  it  is  very  often 
necessary  to  determine  not  only  the  total  amount  of  iron,  but  also  the 
state  in  which  it  exists;  for  instance,  magnetic  iron  ore  consists  of 
a  mixture  of  the  two  oxides  in  tolerably  definite  proix)rtions,  and  it  is 
sometimes  advisable  to  know  the  quantities  of  each. 

Q  2 
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In  order  to  prevent,  therefore,  in  such  cases,  the  further  oxidation 
of  the  ferrous  oxide,  the  little  flask  apparatus  {fig.  47)  adopted  by 
Mohr  is  recommended,  or  fig.  45  is  equally  serviceable. 

The  left-hand  flask  contains  the  wei^bed  ore  in  a  finely  powdered  state,  to 
which  loleniblj  itrong  b;dn>chloric  acid  is  added  ;  the  other  flask  contaios 
digtiUed  water  only,  the  tube  from  the  first  fla."k  entering  te  the  bottom  of  the 
second.  When  the  ore  is  read;  in  the  Bask  a.nd  the  tubes  fitted,  hydrochloric 
acid  is  poured  in,  and  a  few  trains  of  sodium  bicarbonate  added  to  produce  a  Sow 
of  CO,.  The  air  of  the  flask  is  thus  dispelled,  and  as  the  acid  dissolves  the  ore, 
the  gasee  evolved  drive  out  in  turn  the  CO,,  which  is  partlyabsorbedby  the  water 
in  the  second  flask.  When  the  ore  is  all  dissolved  and  the  lamp  removed,  the 
water  immediatel}'  rushes  out  of  the  second  flask  late  the  Grst,  diluting  and 
coolincf  the  solution  of  ore,  bo  that,  in  the  majority  of  cases,  it  is  ready  for 
immediate  titration.  If  not  sufficientlv  cool  or  dilute,  a  suMoient  quantity  of 
boiled  and  cooled  distilled  water  is  addeii. 


When  the  total  amount  of  iron  present  in  any  sample  of  ore  has  to 
be  determined,  it  is  necessary  to  reduce  any  peroxide  present  to  the 
state  of  protoxide  previous  to  titration. 

Beduotioa  to  the  Ferrous  state  may  be  done  by  sodium  sulphite 
in  dilute  solution,  but  not  so  with  stannous  chloride ;  the  latter  must 
be  used  in  a  boiling  and  concentrated  solution  strongly  acidified  with 
hydrochloric  acid.  Most  technical  operators  now  use  the  tin  method, 
which,  by  the  help  of  mercuric  chloride  as  described  g  37.2,  is 
rendered  both  rapid  and  trustworthy.  Both  with  the  sulphite  and 
tin  method  bichromate  is  the  invariable  titrating  solution.  When 
permanganate  is  to  lie  used  for  titration  the  reduction  is  always  best 
made  with  zinc  or  m^nesium  in  8uli>huric  or  very  weak  hydrochloric 
acid  solution.  With  bichromate,  the  best  agent  is  either  pure  sodium 
sulphite,  ammonium  bisulphite,  or  stannous  chloride. 
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1.  Bed  and  Brown  Hadmatites. — Red  haematite  consists 
generally  of  ferric  oxide  accompanied  with  matters  insoluble  in 
acids.  Sometimes,  however,  it  contains  phosphoric  acid,  manganese, 
and  earthy  carbonates. 

Brown  haematite  contains  hydrated  ferric  oxide,  often  accomjmnied 
by  small  quantities  of  ferrous  oxide,  manganese,  and  alumina ;  some- 
times traces  of  copper,  zinc,  nickel,  cobalt,  with  lime,  magnesia,  and 
silica ;  occasionally  also  organic  matters. 

In  cases  where  the  total  iron  only  has  to  be  estimated,  it  is 
advisable  to  ignite  gently  to  destroy  organic  matters,  then  treat  with 
strong  hydrochloric  acid  at  near  boiling  heat  till  all  iron  is  dissolved, 
and  in  case  ferrous  oxide  is  present  add  small  quantities  of  jxjtassium 
chlorate,  afterwards  evaporating  to  dryness  to  dissipate  free  chlorine ; 
then  dissolve  the  iron  with  hot  dilute  hydrochloric  acid,  filter,  and 
make  up  to  a  given  measure  for  reduction  and  titration. 

In  some  instances  the  insoluble  residue  persistently  retains  some 
iron  in  an  insoluble  form ;  when  this  occurs,  resort  must  be  had  to 
fluxing  the  residue  with  sodium  carbonate,  followed  by  solution  in 
hydrocldoric  acid. 

2.  Mag^etio  Iron  Ore. — The  ferrous  oxide  is  determined  first 
by  means  of  the  ai)paratu8  fig.  45  or  47.  The  ore  is  put  into  the 
vessel  in  a  state  of  very  fine  powder,  strong  hydrochloric  acid  added, 
together  with  a  few  grains  of  soilium  bicarbonate,  and  heat  applied 
gently  with  the  lamp  until  the  ore  is  dissolved,  then  diluted  if 
necessary,  and  titrated  with  bichromate  or  permanganate.  Technical 
operators  generally  use  only  a  covered  beaker. 

8.  Spathose  Iron  Ore. — The  total  amount  of  ferrous  oxide  in 
this  carbonate  is  ascertained  directly  by  solution  in  hydrocldoric  acid ; 
as  the  carbonic  acid  evolved  is  generally  suflficient  to  expel  all  air,  the 
tube  dipping  under  water  may  be  disi>ensed  with.  If  the  ore  contains 
pyrites  it  should  be  first  roasted,  but  this  of  course  converts  the 
ferrous  carbonate  into  FegO;^. 

As  the  ore  contains,  in  most  cases,  the  carl)onates  of  manganese, 
lime,  and  magnesia,  these  may  all  be  determined,  together  with  the 
iron,  as  follows  : — 

A  weighed  portion  of  ore  is  brought  into  solution  in  hydrochloric  acid,  after 
lotion  if  pyrite  is  present,  and  filtered,  if  necessary,  to  separate  insoluble 
silicious  matter. 

The  solution  is  then  boiled,  with  a  few  drops  of  nitric  acid  to  peroxidize  he 
iron,  diluted,  nearly  neutralized  with  ammonia,  and  a  solution  of  ammonium 
acetate  added,  then  boiled  for  two  minutes  and  allowed  to  settle.  The  precipitate 
is  collected  on  a  filter  and  washed  with  boiling  water,  containing  a  little 
ammonium  acetate.  It  ia  then  diraolved  off  the  filter  in  UCl,  which  also 
dissolves  any  Al^Oj  or  PjOj  which  may  be  present.  The  liquid  is  then 
evaporated,  reduced,  and  titrated  as  usual. 

The  filtrate  from  the  above  is  concentrated  by  evaporation,  cooled,  3  or  4  c.c  of 
bromine  added,  and  well  mixed  by  shaking;  when  most  of  the  bromine  is 
dissolved  the  liquid  is  rendered  alkaline  by  ammonia,  and  gently  warmed  till  the 
Mn  separates  in  large  flocks  as  hydrated  oxide,  which  is  collected  and  titrated  by 
one  of  the  methods  in  §  67. 
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The  filtrate  from  the  last  is  mixed  with  ammonium  oxalate  to  precipitate  the 
lime,  which  is  estimated  by  permanganate,  as  in  §  52. 

The  filtrate  from  the  lime  contains  the  magnesia,  which  may  be  precipitated 
with  sodium  phosphate  and  ammonia,  and  the  precipitate  weighed  as  usual,  or 
titrated  with  uranium  solution. 

4.  Estimation  of  Iron  in  Silicates.— Wilbur  and  Whittlesey 
(C.  N,  xxii.  2)  give  a  series  of  determinations  of  iron  existing  in 
various  silicates,  either  as  mixtures  of  ferric  and  ferrous  salts  or  of 
either  separately,  which  appear  very  satisfactory. 

The  very  finely  powdered  silicate  is  mixed  with  rather  more  than  its  own 
weight  of  powdered  fluor-spar  or  cryolite  (free  from  iron)  in  a  platinum 
crucible,  covered  with  hydrochloric  acid,  and  heated  on  the  water-bath  until  the 
silicate  b  all  dissolved.  During  the  digestion  either  carbonic  acid  gas  or  coal  gas 
free  from  HjS  is  supplied  over  the  surface  of  the  liquid  so  as  to  prevent  access  of 
air.  When  decomposition  is  complete  (the  time  var3'ing  with  the  nature  of  the 
material),  the  mixture  is  diluted  and  titrated  with  permanganate  in  the  usual 
way  for  ferrous  oxide;  the  ferric  oxide  can  then  be  reduced  by  zinc  and  its 
proportion  found. 

By  Hydrofluoric  Acid. — 2  gm.  of  the  finely  powdered  silicate  are 
placed  in  a  deep  platinum  crucible,  and  40  c.c.  of  hydrofluoric  acid  (containing 
about  20  per  cent.  HF)  added.  The  mixture  is  heated  to  near  the  boiling  point 
and  occasionally  stirred  with  a  platinum  wire  until  the  decomposition  of  the 
silicate  is  complete,  which  occupies  usually  about  ten  minutes.  10  c.c.  of  pure 
H3SO4  diluted  with  an  equal  quantity  of  water  are  then  added,  and  the  heat 
continued  for  a  few  minutes.  The  crucible  and  its  contents  are  then  quickly 
cooled,  diluted  with  fresh  boiled  water,  and  the  ferrous  salt  estimated  with 
permanganate  or  bichromate  as  usual. 

Leeds  (Z.  a.  C.  xvi.  323)  recommends  that  the  finely  powdered 
silicate  be  mixed  with  a  suitable  quantity  of  dilute  sulphuric  acid, 
and  air  excluded  by  COg  during  the  action  of  the  hydrofluoric  acid. 
The  titration  may  then  at  once  be  proceeded  with  when  the  decompo- 
sition is  complete. 

If  the  hydrofluoric  acid  has  been  prej)ared  in  leaden  vessels,  it 
invariably  contains  SOg ;  in  such  cases  it  is  necessary  to  add  to  it, 
previous  to  use,  some  hydrogen  peroxide  (avoiding  excess)  so  as  to 
oxidize  the  SOg. 

The  process  is  a  rapid  and  satisfactory  one,  yielding  much  more 
accurate  results  than  the  method  of  fusion  with  alkaline  carlx)nates  or 
acid  potassium  sulphate. 

5.    Colorimetric  estimation  of  Carbon  in  Steel  and  Iron.— 

Tlie  method  devised  by  Eggertz,  and  largely  adopted  by  chemists 
for  estimation  of  combined  carl^on,  is  well  kno\^Ti,  but  is  open  to  the 
objection  that  minute  quantities  of  carbon  cannot  be  discriminated  by 
it,  owing  to  the  colour  of  the  ferric  nitrate  present.  Stead  {G.  N, 
xlvii.  285)  in  order  to  overcome  tliis  difliculty  has  devised  a  methoil 
described  as  follows  : — 

In  some  careful  investigations  on  the  nature  of  the  colouring  matter 
which  is  produced  by  the  action  of  dilute  nitric  acid  upon  white  iron 
and  steel,  it  was  found  it  had  the  property  of  being  soluble  in  potash 
and  soda  solutions,  and  that  the  alkaline  solution  had  about  two  and 
a  lialf  times  the  depth  of  colour  possessed  by  the  acid  solution.    This 
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being  so,  it  was  clear  that  tlie  colouring  matter  might  readily  be 
separated  from  the  iron,  and  be  obtaine^l  in  an  alkaline  solution,  by 
simply  adding  an  exc(»ss  of  sodiiun  liydrate  to  the  nitric  acid  solution 
of  iron,  and  that  the  coloured  solution  thus  obtained  miglit  be  used  as 
a  means  of  determining  the  amount  of  carbon  present.  I'pon  trial 
this  was  found  to  be  the  case,  and  that  as  small  a  quantity  as  0*03  per 
cent,  of  carbon  could  readily  be  determined. 

The  solutions  required  are  : — 

Nitric  acid,  1*20  sp.  gr. 

Sodium  hydroxide,  solution  1*27  sp.  gr. 

Method  of  Pboceduhe  :  One  gm.  of  the  steel  or  iron  to  1)6  tej»te<l  is  weighed 
off  and  placed  in  a  200  c.c.  beaker,  and  after  covering  with  a  watch-glass,  12  c.o. 
of  standard  nitric  acid  are  added.  The  beaker  and  content**  are  then  placed  on  a 
warm  plate,  heated  to  about  90°  to  100°  C,  and  there  allowed  to  remain  until 
dissolved,  which  does  not  usually  take  more  than  ten  minutes.  At  the  same  time 
a  standard  iron  containing  a  known  quantity  of  carbon  is  treated  in  exactly  the 
same  way,  and  when  both  are  dissolved  30  c.c.  of  hot  water  are  added  to  each, 
and  13  c.c.  soda  solution. 

The  contents  are  now  to  be  well  shaken,  and  then  poured  into  a  glass 
measuring  jar  and  diluted  till  they  occupy  a  bulk  of  60  c.c.  After  again  well 
mixing  and  allowing  to  stind  for  ten  minutes  in  a  warm  place,  they  are  filtered 
through  dry  filters,  and  the  filtrates,  only  a  portion  of  which  is  used,  are 
compared.  This  may  be  done  by  pouring  the  two  liquids  into  two  separate 
measuring  tubes  in  such  quantity  or  proportion  that  upon  looking  down  the 
tubes  the  colours  appear  to  be  equal. 

Thus  if  50  measures  of  the  standard  solution  are  poured  into  one  tube,  and  if 
the  steel  to  be  tested  contains  say  half  as  much  as  the  standard,  there  will  be  100 
measures  of  its  colour  solution  required  to  give  the  same  tint.  The  carbon  is 
therefore  inversely  proportional  to  the  bulk  compared  with  the  standard,  and  in 
the  above  assumed  case,  if  the  standard  steel  contained  0'05  per  cent,  carbon,  the 
following  simple  equation  would  give  the  carbon  in  the  sample  tested : — 


005x50    ^_.,- 

— -— —  =0025  per  cent. 


The  proportions  here  given  must  be  strictly  adhered  to  in  order  to  insure 
exactness.  The  colours  from  low  carbon  irons  differ  in  tint  from  those  in 
high  carbon  steels,  and  therefore  a  low  standard  specimen  must  be  used  for 
comparison.  It  is  evident  that  the  safest  plan  to  insure  absolute  comparison  is 
to  weigh  and  dissolve  a  known  standard  steel  or  iron  for  each  batch  of  tests. 

Stead  has  devised  a  special  colorimeter  for  the  process,  but  it  is 
evident  that  any  of  the  usual  instruments  may  be  useil. 

Arnold  (Steel  Works  AncUydSy  p.  46)  gives  the  following  con- 
ditions as  necessary  for  the  accurate  working  of  the  Eggertz  test : — 

(a)  The  standard  steel  should  have  been  made  by  the  same  process  as 
the  sample. 

ih)  The  standard  should  be  in  the  same  physical  condition,  as  far  as  this  can 
be  secured  by  mechanical  means. 

(r)    The  standard  should  not  differ  greatly  in  the  percentage  of  carbon. 

(d)  The  solution  of  the  standard  and  the  samples  should  be  made  at  the  same 
time,  and  under  identical  conditions,  and  the  comparisons  should  be  made 
without  delay. 

(e)  Above  all,  the  standard  should  be  above  suspicion,  its  carbon  contents 
having  been  settled  on  the  mean  of  several  concordant  combustions  made  on 
different  weights  of  steel  from  a  homogeneous  bar. 
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6.  Estimation  of  Phosphorus  in  Iron  and  Steel.— Dudley 
and  Pease  (/.  AncU,  Chem.  vii.  108)  adopt  the  following  method: — 

1  gm.  of  the  sample  is  dissolved  in  an  Erie om eye r  flask,  in  75  c.c.  of  nitric 
acid  of  sp.  gr.  1*15 :  when  dissolved,  it  is  boiled  for  a  minute  and  mixed  with 
10  CO.  of  a  solution  of  potassium  permanganate,  and  then  again  boiled  until 
manganese  dioxide  begins  to  separate.  The  liquid  is  now  cleared  by  the 
cautious  addition  of  pure  ferrous  sulphate ;  heated  to  85°  C,  and  mixed  with 
75  0.0.  of  ammonium  molybdate  solution  at  27**  C.  After  shaking  for  five 
minutes  in  a  whirling  apparatus,  the  precipitate  is  washed  with  solution  of 
ammonium  sulphate  until  the  washings  give  no  colouration  with  ammonium 
sulphide,  and  then  dissolved  in  a  mixture  of  5  c.c.  of  ammonia  and  25  c.c.  of 
water.  The  solution  is  now  mixed  with  10  c.c.  of  strong  sulphuric  acid,  diluted 
to  200  c.c.  and  reduced  with  zinc.  The  solution  is  then  titrated  with  per- 
manganate. The  volume  of  the  latter  which  represents  1  gm.  of  Fe  equals 
00172444  gm.  of  P. 

7.  Estimation  of  Sulphtir  in  Iron  and  SteeL— J.  Thill 
gives  the  following  method  (Z.  a.  C,  xxxviii.  342). 

Method  of  Pbocedijre  :  By  attacking  the  metal  with  hydrochloric  acid  in 
the  well-known  apparatus  used  for  this  purpose,  the  sulphur  is  liberated  as 
sulphuretted  hydrogen.  The  gas  is  received  in  25  c.c.  of  a  decinormal  solution 
of  arsenious  acid,  to  which  has  been  added  50  c.c.  of  a  cold  saturated  solution  of 
bicarbonate  of  soda.  Care  should  be  taken  that  the  gas  is  not  g^ven  off 
too  rapidly. 

When  the  attack  is  finished,  the  gas  which  still  fills  the  apparatus  is  driven  out 
by  means  of  a  current  of  carbonic  acid,  and  the  passage  of  this  current  of  gas  is 
continued  until  the  hydrochloric  acid  carried  with  it  has  neutralized  the  alkaline 
solution,  and  precipitated  almost  the  whole  of  the  trisulphide  of  arsenic.  This 
operation  takes  eight  or  ten  minutes. 

A  few  c.c.  of  hydrochloric  acid  are  added,  and  the  volume  made  up  to  600  c.c. 
and  filtered.  The  filtrate  is  collected  in  a  dry  beaker,  and  100  c.c.  are  taken,  and 
titrated  with  ^/so  iodine,  after  adding  starch  and  a  sufficient  quantity  of 
ammonium  carbonate  to  render  the  solution  alkaline. 

Prom  the  number  of  c.c.  of  iodine  used,  is  subtracted  the  number  of  c.c. 
required  by  25  c.c.  of  a  decinormal  solution  of  arsenious  acid.  The  difTerence 
corresponds  to  the  sulphuretted  hydrogen  given  off.  This  result,  multiplied  by 
0'0024045,  gives  the  amount  of  sulphur  contained  in  the  sample. 


LEAD. 

Pb  =  206-9. 

§  66.  The  accurate  estimation  of  lead  is  in  most  cases  better 
effected  by  weight  than  by  measure ;  there  are,  however,  instances  in 
which  the  latter  may  be  used  with  advantage.  The  precipitation  as 
oxalate  or  carbonate  is  only  of  use  where  the  lead  exists  in  the  form 
of  a  tolerably  pure  salt  or  metal. 

1.  As  Oxalate  (Hem pel). — The  acetic  lead  solution,  which  must 
contain  no  other  body  precipitable  by  oxalic  acid,  is  put  into  a  300  c.c.  flask,  and 
a  measured  quantity  of  normal  oxalic  acid  added  in  excess,  the  flask  filled  to  the 
mark  with  water,  shaken,  and  put  aside  to  settle ;  100  c.c.  of  the  clear  liquid  may 
then  be  taken,  acidified  with  sulphuric  acid,  and  titrated  with  permanganate  for 
the  excess  of  oxalic  acid.  The  amount  so  found  multiplied  by  3,  and  deducted 
from  that  originally  added,  will  give  the  quantity  combined  with  the  lead. 

2.  Alkalimetrie   Method   (Mohr).— The    lead    is    precipitated   as 
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carbonate  bj  means  of  a  slight  excess  of  ammonium  carbonate,  together  with  free 
ammonia:  the  precipitate  well  washed,  and  dissolved  in  a  measured  excess  of 
normal  nitric  acid:  neutral  solution  of  sodium  sulphate  is  then  added  to 
precipitate  the  lead  as  sulphate.  Without  filtering,  the  excess  of  nitric  acid  is 
then  estimated  bj  normal  alkali,  each  c.c.  combined  being  equal  to  0*1032  g^m.  of 
lead. 

The  following  process  for  carbonate  ores,  pig  lead,  and  specially 
for  red  and  white  leads  and  litharge,  is  worked  out  by  J.  H. 
Wain  Wright  (J.  Am.  C.  S,  xix.  389).  The  necessary  solutions 
are  :  potassium  bichromate,  of  such  strength  that  1  c.c.  represents 
about  O'Ol  gm.  of  metallic  lead,  not  much  more  or  less,  and  may  be 
standardized  either  upon  pure  metal,  or  on  white  load  which  has  been 
accurately  analyzed  for  actual  lead  by  weight :  silver  nitrate  solution 
as  outside  indicator,  not  exceeding  2  or  3  per  cent,  in  strength. 

Method  of  Pbocedurb:  From  1  to  1'5  gm.  of  ore  or  litharge,  etc.,  is 
dissolved  in  10  to  15  c.c.  of  nitric  acid  (sp.  gr.  1*20),  the  solution  neutralised 
with  ammonia  in  excess,  and  a  considerable  excess  of  acetic  acid  added.  It  is 
then  boiled,  and  potassium  bichromate  solution  in  sufficient  quantity  to 
precipitate  nearly  all  the  lead  is  run  in  from  a  burette.  The  liquid  is  boiled 
until  the  precipitate  becomes  orange-coloured,  after  which  the  titration  is  finished, 
the  final  point  being  indicated  by  contact  with  silver  nitrate  as  an  outside 
indicator  on  a  white  plate. 

The  precautions  to  be  observed  are : — 

The  solution  of  the  lead  salt  must  be  as  concentrated  as  possible,  and  decidedly 
acid  with  acetic  acid.  There  must  be  absence  of  other  metals,  especially  such  as 
can  exist  in  lower  forms  of  oxidation.  Antimony  and  tin,  unless  thoroughly 
oxidized,  and  bismuth  are  particularly  to  be  avoided.  During  titration  the 
solution  should  be  kept  as  near  the  boiling-point  as  possible.  The  strength  of 
the  bichromate  solution  should  not  vary  much  from  that  given  above,  nor  the 
solution  of  silver  nitrate. 

In  the  case  of  dealing  with  ores  containing  small  quantities  of  silver,  it  is 
desirable  to  precipitate  this  before  filtration  with  a  little  solution  of  sodium 
chloride.  In  this  case  it  is  well  to  employ  larger  drops  of  the  silver  nitrate  used 
as  indicator. 

The  method  is  specially  suitable  for  such  substances  as  white  lead,  red  lead, 
litharge,  etc.  Red  lead  is  dissolved  by  treating  it  with  nitric  acid,  and  adding  a 
dilute  solution  of  oxalic  acid  drop  by  drop  until  the  leid  oii^e  is  completely 
dissolved.  If  organic  matter  is  present  the  solution  should  be  filtered  before 
titration.  White  lead  can  be  dissolved  directly  in  acetic  acid,  and  the  solution 
titrated  without  filtration.  In  the  case  of  white  lead  ground  in  oil,  the  sample 
should  be  dissolved  in  dilute  nitric  acid,  the  solution  boiled,  filtered,  neutralized 
with  ammonia  in  excess,  and  an  excess  of  acetic  acid  added.  The  method  can 
also  be  used  with  lead  bullion,  and  alloys  containing  tin  and  antimony,  but  the 
sample  must  be  thoroughly  oxidized  by  repeated  evaporation  with  fuming  nitric 
acid,  and  the  solution  filtered  before  titration. 

Lead  in  various  Ores. — An  investigation  of  many  methods  of 
estimating  this  metal  has  been  carried  out  by  J.  C.  Bull  (Analyst 
xxviii.  15).  The  best  results,  including  the  foregoing  bichromate 
process,  were  obtained  by  the  molybdate  and  the  ferrocyanide 
methods.  The  initial  procedure  in  all  the  trials  was  to  separate  the 
lead  as  sulphate,  which  contained  also  gangue  and  other  insoluble 
sulphates,  by  treating  the  ore  with  nitric  or  nitro-hydrochloric  acid, 
evaporating  with  sulphuric  acid  and  filtering  oft'  from  soluble  sulphates 
after  being  diluted. 
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The  Molybdate  Method.— The  mixture  of  lead  sulplmte  and  impurities 
obtained  as  above  is  boiled  for  at  least  ten  minutes  with  ammonium  acetate 
solution  ;  the  solution  is  then  acidified  with  acetic  acid,  diluted  to  200  c.c,  again 
boiled,  and  a  standard  ammonium  molybdate  solution  added  until  all  the  lead  is 
precipitated.  The  end-point  is  ascertained  by  shaking  the  solution  vigorously, 
allowing  it  to  stand  for  a  few  minutes,  and  testing  1  drop  of  the  clear  liquid  with 
1  drop  of  a  solution  of  1  part  tannin  in  300  parts  water  and  1  drop  of  a  lead 
solution ;  the  appearance  of  a  yellow  colour  indicates  the  presence  of  ammonium 
molybdate  in  excess.  The  molybdate  solution  is  prepared  by  dissolving  9 
grammes  of  the  salt  in  1  liter  of  water  and  standardizing  against  lead  sulphate. 
Since  the  indicator  is  not  very  sensitive,  requiring  about  0*8  o.c.  of  molybdate  to 
affect  it,  a  blank  must  be  made  to  ascertain  the  correction  due  to  this.  'This 
method  gave  very  good  results  when  tried  on  the  ores ;  the  presence  of  antimony, 
bismuth,  and  calcium  had  no  effect  on  it;  but  in  the  presence  of  barium  and,  to 
a  lesser  extent,  strontium,  it  gave  low  results. 

The  Perrocyanide  Method.— The  mixture  containing  the  lead 
sulphate  is  gently  heated  to  boiling  with  10  c.c.  of  a  saturated  solution  of 
ammonium  carbonate.  After  cooling,  the  precipitate  is  transferred  to  a  filter, 
thoroughly  washed,  and  then  placed  with  the  filter-paper  in  a  fla^k  containing  a 
hot  mixture  of  5  c.c.  glacial  acetic  acid  and  25  c.c.  water.  This  is  boiled 
until  the  lead  carbonate  has  dissolved,  diluted  to  150  c.c,  heated  to  60^  C,  and 
titrated  with  standard  1  per  cent,  potassium  ferrocyanide  solution,  drops  of 
uranium  acetate  solution  placed  on  a  white  tile  being  used  as  indicator.  Here 
also  the  correction  due  to  the  indicator  must  be  determined.  This  method  also 
gave  very  good  results  when  no  interfering  metals  were  present. 

4.  Lead  in  Citric  and  Tartaric  Acids,  etc. — Waring  ton 
has  worked  out  the  best  method  of  ascertainuig  the  proportions  of 
lead  in  these  commercial  acids,  and  shows  that  ammonium  sulphydrate 
is  to  be  preferred  to  sulphuretted  hydrogen  for  the  process,  inasmuch 
as  the  tint  produced  is  much  more  uniform  throughout  a  long  scale, 
and  very  free  from  turbidity.  Warington's  description  of  the 
method  is  as  follows  : — 

The  depth  of  tint  prcduccd  for  the  same  quantity  of  lead  present  is  far  greater 
in  an  amuioniacal  tartrate  or  citrate  Folution  than  in  the  game  volume  of  water ; 
it  is  quite  esFential,  therefore,  if  equality  of  tint  is  to  be  interpreted  as  equality 
of  lead,  that  all  comparisons  should  be  between  two  citrate  and  tartrate  solutions, 
and  not  between  one  of  thet-e  and  water. 

To  carry  out  the  method  it  is  necessary  to  have  folutions  of  lead-free  tartaric 
and  citric  acid  supersatuiated  with  pure  ammonia;  thepe  solutions  should 
develop  no  colour  when  treated  with  ammonium  sulphydiate.  A  convenient 
strength  is  100  gm.  of  acid  in  300  c.c.  of  final  solution.* 

Of  the  tartaric  or  citric  acid  to  be  examined,  40  gm.  are  taken  and  dis.*Jolved  in 
a  little  water ;  warm  water  is  most  convenient  for  crystal  and  cold  for  powder ; 
the  solution  is  best  prepared  in  a  flask.  To  the  cold  solution  pure  strong 
ammonia  is  gradually  added  till  it  is  in  slight  excess  ;  the  final  point  is  indicated 
in  the  case  of  tartaric  acid  by  the  solution  of  the  acid  ammonium  tartrate  first 
formed;  in  the  case  of  citric  acid  it  is  conveniently  shown  by  a  fraijment  of 
turmeric  paper  floating  in  the  liquid.  "When  an  excess  of  ammonia  is  leached 
the  liquid  is  cooled,  diluted  to  120  c.c,  and  filtered. 

As  a  preliminary  experiment  10  c.c.  are  taken,  diluted  to  50  c.c.  in  the 
measuring  cylinder,  and  placed  in  a  Nesslerizing  glass,  one  drop  of  ammonium 
sulphydrate  solution  added,  and  the  whole  well  stirred ;  the  colour  developed 
indicates  what  volume  of  solution  should  be  taken  for  the  determination,  this 
volume  may  range  from  5  c.c.  to  50  c.c.     If  less  than  50  c.c.  are  taken  the 

*  The  standard  lead  solutions  are  made  by  dissolving  1*6  gm.  of  crystallized  lead  nitrate 
dried  over  feulpbnric  acid  in  a  liter  of  water,  each  c.c.==0'001  gm.  Pb.  A  weaker  solution  is 
dIeo  made  ly  diluting  ICO  c.c.  of  this  to  a  liter. 
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volume  is  brought  to  50  c.c.  with  water,  and  one  drop  of  ammonium  sulphydrat© 
is  then  added. 

The  tint  thus  adopted  has  now  to  be  matched  with  the  pure  solutions.  A 
volume  of  the  pure  ammoniacal  tartrate  or  citrate,  identical  with  that  taken  of 
the  acid  under  examination,  receives  a  measured  quantity  of  lead  solution  from 
the  burette,  the  volume  is  brought  to  60  c.c,  it  is  placed  in  a  Nesslerizing  glass, 
and  receives  one  drop  of  ammonium  sulphydrate;  the  experiment  is  repeated 
till  a  match  is  obtained.  As  in  the  previous  method,  the  best  comparison  of 
tints  is  obtained  by  making  finally  three  simultaneous  experiments,  one  with  the 
acid  under  examination,  the  other  two  with  pure  acid  containing  slightly  varying 
amounts  of  lead,  the  aim  being  that  the  tint  given  by  the  acid  to  be  analyzed 
shall  lie  within  this  narrow  scale.  In  following  this  method,  considerable  use 
has  to  be  made  of  the  weaker  of  the  two  lead  solutions  already  mentioned. 

The  whole  time  re(juired  for  a  determination  of  lead  by  this  method  now  given 
is  about  Ik  hour  :  this  time  will  be  somewhat  shortened  as  the  operator  become^ 
familiar  with  the  tints  produced  by  varying  proportions  of  lead.  If  traces  of 
copper  or  iron  are  present,  any  interference  on  their  part  may  be  removed  by 
adding  to  the  alkaline  solution  a  few  drops  of  potassium  cyanide  solution. 

6.  Colorimetrio  estimatioii  for  Waters. — When  there  is  no 
other  metal  than  lead  present,  simple  addition  of  freshly  made 
sulphuretted  hydrogen  water  in  the  presence  of  weak  acetic  acid  as 
suggested  by  Miller  gives  good  results,  comparison  heing  made  with 
a  standard  solution  of  lead  acetate  containing  0*1831  gm.  per  liter. 
Each  c.c.  =  0'0001  gm.  lead.  The  estimation  is  made  in  colourless 
glass  cylinders  in  the  same  way  as  described  for  copper  or  iron  §§  58, 
64,  taking  care  that  the  comparative  tests  are  made  under  ])recisely 
the  same  conditi9n8. 

MAGNESIUM. 

Mg  =  24-36. 

§  67.  An  alkalimetric  process  for  the  estimation  of  this  substance 
has  been  adopted  by  Stolba,  a  reference  to  which  is  made  in  §28,  but 
the  time  and  trouble  required  to  wash  out  the  ammonia  by  alcohol 
renders  the  method  too  difficult  for  general  purposes.  A  much  shorter 
procedure  has  been  devised  by  R.  K.  Meade  (/.  A7H.  C\  S.  xxi.  746). 

The  method  is  based  on  the  same  principles  as  Williamson's  process  for  the 
estimation  of  arsenic  described  here  in  §  47.  He  found  that  when  a  solution  of 
arsenic  acid  contained  sufficient  sulphuric  or  hydrochloric  acid,  the  arsenic  is 
quickly  reduced  to  arsenious  acid  even  in  the  cold.  For  every  molecule  of 
arsenic  acid  so  reduced  there  corresponds  two  atoms  of  magnesium,  two 
molecules  or  four  atoms  of  iodine  are  liberated.  This  latter  is  titrated  with 
sodium  thiosulphate,  and  from  the  volume  of  standard  solution  required,  the 
magnesium  calculated. 

The  standard  solutions  are  conveniently  made  as  follows : — 

Standanl  sodium  arsenate  is  prepared  by  dissolving  12*29  gm.  of  pure  arsenious 
acid  in  nitric  acid,  evaporating  on  a  water-bath  to  dryness,  neutralizing  with 
sodium  carbonate  in  solution,  and  when  dissolved  made  up  to  a  liter  with 
distilled  water.    Each  c.c.  =  0005  gm.  of  MgO. 

The  standard  solution  of  sodium  thiosulphate  is  made  to  correspond  to  this 
either  by  direct  titration,  or  by  making  it  equal  to  a  standard  iodine  solution 
made  by  dissolving  52'24  gm.  of  pure  iodine,  and  75  gm.  of  potassium  iodide  in 
about  200  c.c.  of  water,  and  making  up  to  one  liter.     Each  c.c,  =*  O'OOo  gm.  MgO. 

Method  of  Procedure  :  Pour  the  magnesia  solution,  which  should  not 
contain  too  great  an  excess  of  ammonium  chloride  or  oxalate  into  a  conical  flask 
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or  a  gas-bottle  of  sufficient  size.  Add  one-third  the  volume  of  the  solution  of 
strong  ammonia  and  50  o.c.  of  sodium  arsenate.  Cork  up  tightly  and  shake 
vigorously  for  ten  minutes.  Allow  the  precipitate  to  settle  somewhat  then  filter 
and  wash  with  a  mixture  of  water  and  strong  ammonia  (3*1)  until  the  washings 
oease  to  react  for  arsenic ;  avoid,  however,  using  an  excess  of  the  washing  fluid. 
Dissolve  the  precipitate  in  dilute  hydrochloric  acid  (I  :  1),  allowing  the  acid 
solution  to  run  into  the  flask  in  which  the  precipitation  was  made,  and  wash  the 
filter-paper  with  the  dilute  acid,  until  the  washings  and  solution  measure  80  or 
100  C.C.  Cool,  and  add  from  3  to  5  gm.  of  potassium  iodide,  free  from  iodate ; 
■allow  the  solution  to  stand  a  few  minutes,  and  then  run  in  the  standard 
thiosulphate  until  the  colour  of  the  liberated  iodine  fades  to  a  pale  straw  colour. 
Add  starch,  and  titrate  until  the  blue  colour  of  the  iodide  of  starch  is  discharged. 
If  preferred,  an  excess  of  thiosulphate  may  be  added,  then  starch  and  standard 
iodine  until  the  blue  colour  is  produced.  On  adding  the  iodide  of  potassium  to 
the  acid  solution,  a  brown  precipitate  forms,  which,  however,  dissolves  when  the 
thiosulphate  is  added. 

Experience  has  proved  that  the  whole  process  can  be  done  within  an  hour,  and 
the  results  in  the  case  of  dolomite,  limestone,  slag  and  cement  are  very  near 
those  given  by  gravimetric  methods. 

MANGANESE. 

Mn  =  55,  MnO  =  71,  Mn02  =  87. 

Factors. 

Metallic  iron  x  0*63393  =  MnO. 

X  0-491      =Mn. 


»>         >> 


„  X  0-7768  =Mn02. 

Double  iron  salt  x  0*0911  =MnO. 

Cryst.  oxalic  acid  x  0*6916  =Mn02. 

Double  iron  salt  x  0*111  =  MnOg. 

1  cc.  ^/lo  solution  =  0*00355  gm.  MnO  or  =  0*00435  gm.  MnOo. 

§  68.  All  the  oxides  of  manganese,  with  the  exception  of  the 
first  or  protoxide,  when  boiled  with  hydrochloric  acid,  yield  chlorine 
in  the  following  ratios  : — 

Mn203  =  l  eq.  0=    2  eq.  CI. 

MngO^  =  1  eq.  0  =    2  eq.  CI. 

Mn  O2  =  1  e<i.  0  =    2  eq.  CI. 

Mn  O3  =  2  eq.  O  =    4  eq.  CI. 

MngOy^S  eq.  0  =  10  mi  CI. 

The  chlorine  so  produced  can  be  allowed  to  re^ct  upon  a  known 
weight  of  ferrous  salt ;  and  when  the  reaction  is  completed,  the 
unchanged  amount  of  iron  salt  is  found  by  permanganate  or 
bichromate. 

Or,  the  chlorine  may  be  led  by  a  suitable  arrangement  into  a  solution 
of  potassium  iodide,  there  setting  free  an  equivalent  quantity  of 
iodine,  which  is  found  by  the  aid  of  sodium  thiosulphate. 

Or,  in  the  case  of  manganese  ores,  the  reaction  may  take  place  with 
oxalic  acid,  resulting  in  the  production  of  carbonic  acid,  which  can 
be  weighed  as  in  Fresenius'  and  Wills'  method,  or  the  amount  of 
unchanged  acid  remaining  after  the  action  can  be  found  by  per- 
manganate. 
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The  largely  increased  use  of  manganese  in  the  manufacture  of  steel 
has  now  rendered  it  imperative  that  some  rapid  and  trustworthy 
methods  of  estimation  should  be  devised,  and  this  has  been  done  by 
well-known  chemists.  The  first  method  described  appears  to  have 
been  simultaneously  arranged  by  Pattinson  and  Kessler;  both 
have  succeeded  in  finding  a  method  of  separating  manganese  as 
dioxide,  of  perfectly  definite  composition.  Pattinson  found  that 
the  regular  precipitation  was  secured  by  ferric  chloride,  and  Kessler 
by  zinc  chloride.  Wright  and  Menke  have  experimented  on  both 
processes  with  equally  satisfactory  results,  but  give  a  slight  preference 
to  zinc.  Pattinson  titrates  the  resulting  MnOg  with  standard 
bicliromate,  and  Kessler  with  permanganate. 

Pattinson's  method  has  been  fully  described  (/.  C.  >S.  1879,  365), 
and  again  with  slight  modifications  in  /.  <Si.  C.  /.  x.  337. 

1.    Preoipitation   as   MnO}  and  Titration  with  Biohromate^ 

(Pattinson). 

The  author's  own  description  of  the  methoii  is  as  follows : — 
This  method  depends  upon  the  whole  of  the  manganese  being 
precipated  as  hydrated  dioxide  by  calcium  carbonate,  when  chlorine 
or  bromine  is  added  to  a  solution  of  manganous  salt  containing 
also  a  persalt  of  iron  or  a  salt  of  zinc,  and  under  certain  conditions  of 
temperature,  etc.  This  method  is  now  adopted  by  many  chemists 
both  in  private  laboratories  and  in  the  laboratories  of  steel  works ; 
and  it  is  therefore  thought  that  the  following  description  of  it  in 
its  slightly  modified  form,  as  now  used  for  determining  manganese  in 
manganiferous  iron  ores,  manganese  ores,  spiegeleisen,  ferromanganese, 
etc.,  will  not  be  out  of  place. 

Mrthod  of  Procedure  :  A  quantity  of  the  sample  to  be  analyzed,  containing, 
not  more  than  about  0*25  gm.  of  manganene,  is  dissolved  in  hydrochloric  acid. 
In  the  case  of  spiegeleisen  and  ferromanganese,  about  3-4  c.c.  of  nitric  acid 
are  afterwards  added  to  oxidize  the  iron.  In  the  case  of  manganese  ores, 
ferromanganese,  and  manganese  slags,  which  do  not  contain  as  much  iron  as 
manganese,  there  is  added  to  the  solution  as  much  iron,  in  the  form  of  ferric 
chloride,  as  will  make  the  quantities  of  iron  and  manganese  in  the  solution  about 
equal.  An  excess  of  iron  is  no  drawback,  except  that  a  larger  precipitate  has 
afterwards  to  be  filtered  and  washed. 

The  excess  of  acid  in  the  solution  is  then  neutralized  bv  the  addition  of  calcium 
carbonate,  which  is  added  until  a  slight  reddening  of  the  solution  is  produced. 
The  solution  is  then  rendered  very  slightly  acid  by  dropping  into  it  just  enough 
hydrochloric  acid  to  remove  the  red  colour. 

Then  add  in  all  cases  30  c.c.  of  a  solution  of  zinc  chloride  containing  0*5  gm. 
of  metallic  zinc.  The  liquid  is  then  brought  to  the  boiling  point,  and  diluted 
with  boiling  water  to  about  300  c.c. 

60  c.c.  of  a  solution  of  calcium  hypochlorite  made  by  dissolving  about  33  gm. 
of  bleaching  powder  per  liter  and  filtering,  are  then  poured  into  the  manganese 
solution  ;  but  to  the  hypochlorite  solution,  before  pouring  it  into  the  manganese 
solution,  there  should  he  added  just  enough  hydrochloric  acid  to  give  it  a  faint 
permanent  greenish-yellow  colour  after  gentle  agitation. 

The  object  of  this  addition  of  acid  is  to  prevent  a  precipitate  forming  when 
the  hypochlorite  is  added,  due  to  the  alkalinity  of  this  solution.  When 
hydrochloric  acid  is  added  in  this  way  to  the  solution  of  calcium  hypochlorite, 
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the  manganese  solution  remains  clear  on  the  addition  of  the  calcium  hypochlorite, 
and  any  possible  local  precipitation  of  manganese  in  a  lower  state  of  oxidation 
tlian  MnO^  is  obviated. 

Finally,  add  to  the  manganese  solution  about  3  gm.  of  calcium  carbonate 
diffused  in  about  15  c.c.  of  boiling  water.  After  the  first  evolution  of  carbonic 
acid  has  ceased,  during  which  time  the  cover  is  kept  on  the  beaker,  the 
precipitate  is  stirred  to  make  it  collect  together,  and  2  c.c.  of  alcohol  or  methylated 
spirit  are  added  and  it  is  again  stirred. 

The  precipitate  is  then  thrown  upon  a  large  filter  and  washed,  at  first  with 
cold  water  until  the  greater  part  of  the  chlorine  is  removed,  and  afterwards,  to 
make  the  washing  more  rapid,  with  warm  water  at  about  155°  P.  (65*  C).  It  is 
washed  until,  after  draining,  a  drop  shaken  down  straight  from  the  precipitate 
by  gently  joltin<f  the  funnel,  shows  no  indication  of  chlorine  when  tested  with  a 
strip  of  iodized  starch-paper.  As  a  matter  of  practice  two  or  three  washings  are 
given  after  there  has  ceased  to  be  any  indication  of  chlorine. 

'  By  carrying  out  the  process  in  the  manner  here  described,  the  temperature  of 
the  liquid,  immediately  after  the  precipitation  is  complete,  is  about  170**  F. 
(77^  C),  and  it  is  found  that  the  best  and  most  constant  results  are  obtained 
when  the  temperature  after  precipitation  is  near  this  point. 

70  c.c.  of  an  acidified  solution  of  ferrous  sulphate,  containing  about  07  gm.  of 
iron,  and  made  by  dissolving  crystallized  ferrous  sulphate  in  a  mixture  of  one 
part  of  monohydrated  sulphuric  acid  and  three  parts  of  water,  are  then  accurately 
measured  off  by  a  pipette  and  rim  into  the  beaker  in  which  the  precipitation  was 
made.  The  precipitate,  together  with  the  filter  paper,  are  then  removed  from 
the  funnel  and  placed  in  the  solution  of  ferrous  sulphate  in  the  beaker.  The 
precipitate  readily  dissolves  even  in  the  cold  (sometimes  it  may  be  necessary  to 
add  a  little  more  acid  to  dissolve  the  ferric  hydrate  completely),  the  manganese 
dioxide  converting  its  equivalent  of  ferrous  sulphate  into  ferric  sulphate.  A 
sufficient  quantity  of  cold  water  is  now  added,  and  the  ferrous  sulphate  still 
remaining  is  titrated  with  a  standard  solution  of  potassium  bichromate. 

The  exact  amount  of  ferrous  sulphate  in  70  c.c.  of  the  ferrous  sulphate  solution 
is  determined  by  measuring  off  into  a  clean  beaker  another  portion  of  70  c.c, 
and  titrating  with  standard  bichromate  solution.  The  difference  between  the 
amounts  of  that  solution  required  gives  the  quantity  of  ferrous  sulphate  oxidized 
by  the  manganese  dioxide,  and  from  this  the  percentage  of  manganese  in  the 
sample  can  be  calculated. 

The  ferrous  sulphate  solution  should  be  standardized  from  day  to  day,  as  it 
undergoes  slow  oxidation  on  exposure  to  air. 

A  solution  of  bromine  in  water  may  of  course  be  used  instead  of  the 
hyjKwhlorite  solution,  in  which  case  no  acid  is  added  to  the  bromine  solution. 
When  using  bromine  a  solution  containing  about  0*7  gm.  of  bromine  (about  22 
gm.  per  liter)  should  be  used,  and  90  c.c.  of  this  solution  used  for  precipitating 
about  0.25  gm.  of  manganese. 

The  unpleasantness  of  working  with  bromine  may  be  mitigated,  to  some 
extent,  by  adding  to  the  bromine  solution  before  pouring  it  into  the  liquid  con- 
taining the  manganese,  a  few  drops  of  a  solution  of  sodium  hydrate  until  nearly 
all,  but  not  quite  all,  the  bromine  is  taken  up.  If  an  excess  of  sodium  hydrate 
were  added  to  the  bromine  it  would  produce  a  precipitate  on  pouring  it  into  the 
manganese  solution,  and  this  is  to  be  avoided. 

It  is  preferable  to  have  both  zinc  and  iron  in  solution  with  the  manganese 
When  working  with  either  of  these  alone  all  the  manganese  is  obtained  in  the 
form  of  dioxide,  but  with  iron  alone  there  is  a  greater  tendency  to  the  formation 
of  permanganate,  than  when  zinc  is  also  present.  This  point  >vas  also  noticed  by 
Wright  and  Menke'  (J.  C.  S.  Trans.  1880,  43).  When  zinc  alone  is  present 
it  is  found  that  the  precipitation  of  the  dioxide  does  not  take  place  so  rapidly  as 
when  iron  is  also  present.  When  both  iron  and  zinc  are  used,  there  is  very 
seldom  any  permanganate  formed,  if  care  is  taken  not  to  use  an  unnecessary  large 
excess  of  chlorine  or  bromine,  but  occasionally  there  is  a  small  quantity  formed, 
especially  if  the  precipitate  is  left  to  stand  some  considerable  time  before  filtering. 
It  was  found  that  the  addition  of  a  very  small  quantity  of  alcohol  immediately 
after  the  precipitation   of  the  manganese  is  complete,  entirely  prevents  the 
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formation  of  perman^nate  even  when  a  large  excess  of  chlorine  lian  been 
ased»  and  for  this  reason  it  is  well  to  add  it. 

When  filtering  paper  has  been  wetted  with  the  solution  containing  free 
chlorine  or  bromine  and  afterwards  washed  clean,  it  has  no  reducing  action 
either  upon  potassium  bichromate  or  upon  ferric  sulphate.  The  addition  of  the 
filter  together  with  the  precipitate  to  the  solution  of  ferrous  sulpliate  therefore 
does  not  influence  the  result. 

It  must  be  pointed  out  that  the  presence  of  lead,  copper,  nickel,  cobalt,  and 
chromium  in  the  substances  under  examination  interferes  with  the  accuracy  of 
this  method  of  titrating  manganese. 

It  was  found  that  so  large  a  proportion  as  1  per  cent,  of  lead,  copper,  and  nickel 
does  not  greatly  interfere  with  the  test,  but  the  interference  of  cobalt  and, 
especially  of  chromium,  is  serioiLs.  All  these  substances,  except  chromium, 
form,  under  the  conditions  of  the  test,  higher  oxides  insoluble  in  water,  which 
are  precipitated  with  the  manganese  dioxide,  and  which  oxidize  ferrous  sulpliate 
to  ferric  sulphate;  whilst  chromium  forms  some  insoluble  chromate  which  goes 
down  with  the  manganese  dioxide. 

Fortunately  these  metals  rarely,  if  ever,  occur  in  the  ores  of  manganene  or  in 
spiegeleisen  and  ferromanganese  in  sufficient  quantity  to  affect  the  practical 
accuracy  of  this  test. 

This  volumetric  method  cannot,  however,  be  applied  to  the  determination  of 
manganese  in  alloys  of  these  metals,  such  as  ferrochrome  or  in  ores  containing 
these  metals,  without  previously  separating  them  from  the  solution  containing, 
the  manganese. 

The  method  as  above  deHcribed  i.s  undoubtedly  one  of  the  best 
volumetric  ones  known  for  the  estimation  of  manganese  in  various 
compoumls  and  ores;  but  San  iter  in  criticising  the  method  gives  it 
credit  for  slightly  low  results,  and  advocates  the  standardizing  of  tlie 
bichromate,  not  upon  iron,  but  upon  a  manganese  oxide  of  known 
composition  {J,  S.  0.  I.  xiii.  112). 

Atkinson  (/.  S.  C.  I.  v.  365)  gives  the  following  short  description 
of  the  methoil  as  practically  in  daily  use  in  a  large  steel  works. 

Weigh  out  0*5  gin.  or  0*6  gm.  of  an  ore  containing  about  20  per  cent, 
manganese,  dissolve  in  7  or  8  c.c.  of  strong  HCl,  and  when  dissolved,  wash 
the  whole,  without  filtering,  into  a  large  narrow-sided  beaker.  When  cold  it  is 
neutralized  with  precipitated  calcium  carbonate,  until  the  liquid  assumes  a 
reddish  hue.  40  or  60  c.c.  of  saturated  bromine  water  are  added,  and  the 
mixture  allowed  to  stand  in  the  cold  for  half-an-hour.  At  the  expiration  of  tliat 
time  the  beaker  is  nearly  filled  up  with  boiling  water,  and  precipitated  calcium 
carbonate  added  until  there  is  no  further  effervescence,  and  part  of  the  carbonate 
is  evidently  unacted  upon.  A  small  quantity  of  alcohol  is  then  added,  the  whole 
well  stirred,  and  the  precipitate  allowed  to  settle.  The  clear  liquid  is  filtered  off 
and  fresh  boiling  water  added  to  the  residue  in  the  beaker,  a  little  alcohol  being 
used  to  reduce  any  permanganate  which  is  formed.  The  filtration  and  washing 
are  repeated  until  the  filtrate  when  cooled  no  longer  turns  iodized  starch-paper 
blue.  During  the  washing  about  1'9  to  2'5  gm.  of  pure  granular  ferrous- 
ammonium  sulphate  are  weighed  out,  washed  into  the  beaker  in  which  the 
precipitation  took  place,  and  about  30  to  50  c.c.  of  dilute  sulphuric  acid  added. 
The  filter  containing  the  precipitated  MnO^,  is  then  placed  in  the  beaker,  and 
the  latter  is  quickly  dissolved  by  the  oxidation  of  a  portion  of  the  ferrous  salt 
into  ferric  sulphate.  The  remaining  ferrous  iron  is  then  titrated  with  bichromate 
in  the  usual  way.  The  difference  in  the  number  of  c.c.  of  bichromate  used  from 
the  number  which  the  original  weight  of  the  ferrous-ammonium  sulpliate  would 
have  required  if  directly  titrated,  is  a  measure  of  the  quantity  of  MnOj  present. 
For  rapidity  and  simplicity  this  volumetric  process  leaves  nothing  to  be 
desired ;  duplicate  experiments  agree  within  very  narrow  limits ;  and  if  the 
assumption  is  accepted  that  the  presence  of  ferric  chloride  enables  the  complete 
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oxidation  of  the  manganese  to  the  state  of  peroxide,  no  other  process  can 
compete  with  it. 

Pattinson  prefers  to  use  bleach  solntion  to  bromine,  because  the 
formation  of  permanganate  is  more  easily  seen.  In  any  case  not  more 
than  a  trace  of  permanganate  should  be  formed,  and  if  ^the  first 
experiment  shows  this  to  be  the  case,  another  trial  must  be  com- 
menced with  less  oxidizing  material. 

J.  W.  Westmoreland  describes  a  modified  method  which  is 
designed  to  overcome  some  objections  raised  against  the  above 
processes. 

With  ferro-manganese  and  ores  containing  about  50  to  60  7©  of  Mn  about 
0*4  gm.  is  taken;  ores  with  40%  0"5  gm. ;  manganiferous  iron  ores,  with  say 
about  20 7o  each  of  Fe  and  Mn,  075  gm. ;  spiegeleisen  and  silicoepiegels,  with 
about  26  °/o  Mn,  the  t^ame, 

The  material  having  been  brought  into  solution  by  any  of  the  methods 
described,  is  concentrated  to  a  small  bulk  in  a  large  conical  beaker.  A  solution 
of  ferric  chloride,  containing  about  the  same  amount  of  iron  as  there  is 
approximately  of  Mn,  is  added,  together  with  a  solution  of  zinc  chloride, 
containing  about  0*5  gm.  of  Zn.  The  excess  of  acid  is  then  neutralized  with 
caustic  potash,  so  that  the  bulk  of  liquid  is  about  80  c.c,  to  this  is  added 
about  60  c.c.  of  saturated  bromine  water,  more  for  ferro-manganese,  less  for 
manganiferous  iron  ores,  and  zinc  oxide  emulsion  *  is  gradually  dropped  in  with 
shaking,  until  the  Fe  and  Mn  are  precipitated,  care  must  be  taken  to  avoid 
a  large  excess  of  zinc  oxide,  the  beaker  is  then  filled  up  with  boiling  tap-water, 
and  the  clear  liquid  poured  through  a  filter,  previously  adding  a  few  drops  of 
alcohol.  The  beaker  is  then  filled  with  boiling  water  five  times  in  succession, 
the  precipitate  being  stirred  up  with  the  hot  water  each  time  of  washing  and 
allowed  to  settle.  It  is  then  brought  on  the  filter,  and  again  freely  washed  with 
boiling  distilled  water.  The  filter  and  contents  are  then  transferred  to  the 
beaker,  an  excess  of  acid  solution  of  ferrous  sulphate  added,  and  when  the 
precipitate  is  dissolved  the  liquid  is  diluted  with  cold  distilled  water,  and  the 
excess  of  ferrous  iron  estimated  at  once  with  permanganate.  The  value  of  the 
iron  solution  in  metallic  iron  is  found  by  titrating  the  same  volume  of  iron 
solution  as  has  actually  been  used  for  dissolving  the  Mn  precipitate,  and  the  Fe 
oxidized  multiplied  by  0'491  =  Mn. 

It  is  absolutely  necessary,  in  order  to  get  accurate  results,  to  wash 
the  precipitate  as  thoroughly  as  mentioned. 

2.    Volhard's  Fermanganate  Method. 

This  is  now  largely  used  by  Continental  and  American  chemists, 
especially  with  certain  modilications ;  the  details  of  the  original 
proce^  being  as  follows  : — 

A  quantity  of  material  is  taken  so  as  to  contain  from  0*3  to  0*5  gm.  Mn, 
dissolved  in  hydrochloric  or  nitric  acid,  evaporated  in  porcelain  to  dryness,  first 
adding  a  little  ammonium  nitrate,  then  heated  over  the  flame  to  destroy  organic 
matter.  The  residue  is  digested  with  HCl,  adding  a  little  strong  H2SO4,  and 
again  evaporated  to  dryness,  first  on  the  water-bath,  then  with  greater  heat  till 

*  The  emnlsion  of  zinc  oxide  may,  of  course,  be  readily  made  by  rubbing  down  pure  xino 
oxide  in  water  so  as  to  be  about  the  consistence  of  cream.  Emmerton  (Trans.  Amer.  In$t, 
Min.  Eng.  x.  201)  suKgests  the  following  method  of  preparing  this  reagent.  DisBolve 
ordinarr  zinc  white  in  HCl,  add  the  powder  until  there  remains  some  undissolved,  then  add 
a  little  bromine  water ;  heat  the  mixture,  filter  and  precipitate  the  zinc  oxide  from  the  filter 
with  the  slightest  possible  excess  of  ammonia.  Wash  thoroughly  by  decantation,  and 
finally  wash  into  an  approximate  bottle  with  enough  water  to  give  a  proper  consistence.  By 
this  method  a  very  finely  divided  oxide  is  obtained,  owing  to  its  not  oeing  dried. 
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vapours  of  SOj  occur.  It  is  then  vt-ashed  into  a  liter  flask  and  neutralized  with 
sodium  hydrate  or  carbonate :  sufficient  pure  zinc  oxide,  made  into  a  cream,  is 
added  to  precipitate  all  the  iron.  The  flask  is  fllled  to  the  mark,  shaken,  and 
200  c.c.  filtered  off  into  a  boiling  flask,  acidified  with  2  drops  of  nitric  acid, 
sp.  gr.  1*2,  heated  to  boiling,  and  titrated  with  ^/lo  permanganate  while  still 
hot.  Owing  to  the  presence  of  the  trace  of  nitric  acid,  most  operators  now 
deduct  0*2  c.c.  of  permanaganate  before  calculating  the  manganese. 

Sam  Strom's  niethcKl  of  using  this  process  for  e^stiniatiug 
manganese  in  iron  ores  as  described  by  Mixer  and  I)u  Bo  is  is  to 
precipitate  the  iron  in  dilute  hot  sohition  by  sodium  carbonate,  care 
being  taken  to  add  no  more  than  is  just  sufficient  to  precipitate  the 
iron  ;  then  titrating  (without  filtering  off  the  ferric  oxide)  with 
permanganate.  Using  the  soda  in  this  way  doas  not  give  perfect 
neutralization,  yet  it  gives  excellent  results,  as  shown  botli  by  Mixer 
and  Du  Bo  is  and  G.  Auchy.  This  is  difficult  U)  explain,  as 
mentioned  by  the  latter  chemist,  because  in  working  either 
Volhard's  method  or  Stone's  modification  of  it,  there  must  be  a 
much  larger  quantity  of  zinc  emulsion  used  than  is  necessary  to 
precipitate  the  iron,  in  order  to  avoid  too  high  results.  But  all 
experiments  show  that  Sarnstrom's  process  is  quite  free  from  this 
error.  Auchy  is  of  opinion  that  either  the  ferric  oxide  by  its 
presence  in  some  way  prevents  high  residts  when  solutions  are 
incompletely  neutralized,  or  by  its  jiresence  prevents  the  precipitation 
of  manganese  dioxide,  except  tlie  solution  be  thoroughly  neutralized 
when  titrated  ;  tlie  permanganate  simply  colouring  the  solution,  and 
no  mangane^se  precijiitated  unle^^s  more  sodium  cari)onate  is  added. 

G.  E.  Stone's  modification  of  the  original  Volhard's  method  gives 
an  easier  and  quicker  result,  as  no  evaporation  with  sulphuric  acid  is 
needed,  and  the  precipitate  of  ferric  oxide  raj)idly  subsides  in  the  faint 
nitric  acid  solution. 

Method  of  Procedure  :  The  necessary  precautions,  as  given  by  G.  Auchy, 
are  printed  in  italics.  3*3  gm.  of  drillings  are  dissolved  in  50  c.c.  of  nitric  acid 
(sp.  gr.  1*20)  and  washed  into  a  600  c.c.  measuring  flask.  Two-thirds  of  the 
amount  of  sodium  carbonate  solution  necessary'  for  complete  neutralization  are 
added,  and  the  liquid  cooled.  Zinc  oxide  emulsion  is  then  added  until  the 
solution  stiffens,  an  excess  being  avoided.  After  dilution  to  about  three-fourths 
the  capacity  of  the  flask  the  whole  is  allowed  to  stand  until  the  ferric  oxide 
b^ns  to  settle,  and  a  considerable  excess  of  zinc  oxide  emulsion  then  added  to 
the  colourless  solution.  After  being  made  up  to  the  mark  and  well  shaken  the 
precipitate  is  allowed  to  settle,  and  250  c.c.  of  the  clear  solution  heated  in  a  flask 
to  boiling  and  titrated  with  permanganate  of  strength  0*0056.  After  making 
the  necessary  deductions  for  impurities  in  the  sodium  carbonate  and  zinc  oxide, 
which  have  been  previously  ascertained,  the  number  of  c.c.  of  permanganate 
taken  is  divided  by  10,  and  002  per  cent,  deducted  from  the  result. 

8.    Estimation  by  conversion  into  Permanganic  Acid. 

This  method  was  originally  devised  by  Schneider,  in  which  the 
manganese  is  oxidized  by  bismuth  }>eroxide  in  the  presence  of  nitric 
acid  to  permanganic  acid.  Further  exi)eriments  were  afterwards 
carried  on  by  Ramage  and  Reddrop  {J.  C.  S.  Ixvi.  268),  the  result 
of  which  was  that  they  used  sodium  bismuthate  in  the  solid  state  for 
the  conversion  of  the  manganese. 
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Their  paper  gives  details  of  the  experiments  on  ferro  manganese, 
Spiegel,  silico  spiegel,  iron  and  steel,  but  these  details  are  too  much  to 
be  produced  here ;  but  the  final  method  for  wrought  iron,  steel,  and 
pig  iron  is  as  follows  : — 

Weigh  out  1*1  gm.  of  the  sample,  and  place  it  in  a  beaker  or  boiling-tube ;  add 
30  C.C.  of  dilute  nitric  acid  (ap.  gr.  1"2)  and  boil.  If  a  part  remains  undissolved, 
decant  the  solution,  filter  off  carbonaceous  matter  if  necessary,  and  add  more 
nitric  acid  up  to  25  c.c.  If  the  sample  dissolves  completely  use  the  25  c.c.  of  acid 
to  wash  the  tube.  If  the  sample  contains  much  silicon  care  must  be  taken, 
when  boiling,  not  to  unduly  concentrate  the  acid,  or  the  silicic  acid  will  separate 
in  a  form  which  blocks  up  the  filter. 

Cool  the  solution  in  a  beaker  to  about  16^,  oxidize  with  2  gm.  of  sodium 
bismuthate,  stir  for  three  minutes,  and  filter  through  an  asbestos  filter  into  a 
dean  flask.  Add  ^/lo  hydrogen  peroxide  solution  from  a  burette  until  the 
reddish  colour  disappears ;  then  add  from  1*5  to  3*0  c.c.  in  excess,  and  titrate 
with  ^/lo  potassium  permanganate. 

Each  c.c.  of  ^/lo  hydrogen  peroxide  reduced  by  the  sample =0*1  per  cent,  of 
manganese. 

The  reddish  colour  mentioned  above  is  produced  by  a  secondary  reaction  during 
the  titration,  probably  between  the  permanganic  acid  and  the  reduced  manganous 
nitrate.  A  smalt  quantity  of  manganic  salt  appears  to  be  formed,  and  the  yellow 
colour  of  this  masks  the  colour  of  the  permanganic  acid.  This  yellow  solution  is 
more  difficult  to  reduce  tlian  the  solution  of  permanganic  acid,  and  the  tinctorial 
power  of  the  compound  is  much  less  than  that  of  the  acid ;  hence  the  necessity 
for  adding  an  excess  of  hj'drogen  peroxide. 

A  modification  of  this  method  has  been  adopted  by  Ibbotson  and 
Brearley  (C  N,  Ixxxiv.  247). 

These  authors  consider  that  the  reduction  of  the  permanganate 
during  and  after  filtration  is  caused  by  the  presence  of  carbon.  It  is 
therefore  essential  to  complete  the  oxidation  of  the  carbon  in  hot 
solution,  and  should  certainly  be  done  vnth  high  carbon  steels.  The 
method  generally  adopted  by  them  is  as  follows  : — 

Dissolve  1*1  gm.  of  the  metal  in  35  c.c.  of  1'20  nitric  acid,  and  then  add 
bismuthate  a  little  at  a  time  to  the  somewhat  cooled  solution  until  a  permanganate 
colour  persists,  or  on  boiling  is  decomposed  to  manganic  oxide.  Clear  up  the 
permanganate  or  the  dioxide  precipitate  with  a  little  hydrogen  peroxide, 
sulphurous  acid,  or  ferrous  sulphate  free  from  manganese.  Cool  the  solution, 
and  add  about  10  c.c.  of  water  and  a  considerable  excess  of  bismuthate. 
Filter,  wash  with  dilute  (3  or  4  per  cent.)  nitric  acid,  and  titrate  with  ^/lo 
permanganate. 

Unlike  hydrogen  peroxide,  the  excess  of  ferrous  sulphate  does  not  react  with 
ferric  nitrate,  and  is  therefore  preferable.  It  can  be  safely  used  in  cold  nitric  acid 
solutions  as  above,  if  the  titration  is  not  needlessly  delayed.  Molybdenum, 
titanium,  and  vanadium  do  not  interfere  in  this  modification  as  they  do  in 
Bam  age's  process.  If  chromium  be  present,  it  is  liable  to  be  slowly  but 
completely  oxidized  by  bismuthate  to  chromic  acid,  thus  giving  high  result.»< 
for  manganese.  The  bismuthate  should  therefore  be  added,  and  the  solution 
shaken  and  filtered  quickly.  The  presence  of  tungsten  introduces  no  error; 
but  in  steels  containing  much  tungsten,  and  particularly  in  chrome  tungsten 
steels,  the  precipitate  has  a  tendency  to  pass  the  filter.  The  joint  presence 
of  tungsten  and  hydrofluoric  acid  causes  the  results  to  be  high  and  very 
erratic,  so  the  hydrofluoric  acid  should  be  previously  driven  off  with  sulphuric 
acid. 

A  simplification  of  Reddrop  and  Ram  age's  process  has  been  made 
by  Dufty  (C.  N.  Ixxxiv.  248.)  for  use  in  iron  works. 
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This  colorimetric  process  is  as  follows : — The  nitric  acid  solution  is  transferred 
(after  the  carbon  has  been  estimated  by  the  Eggertz  method)  to  a  graduated 
stoppered  test-mixer,  the  carbon  tube  being  rinsed  out  into  the  mixer,  and  the 
solution  then  made  up  to  a  definite  volume  with  nitric  acid  (sp.  gr.  1*20,  is  used 
throughout).  A  standard  steel,  of  known  Mn  contents,  is  treated  in  like  manner, 
being  diluted  to  the  same  volume  as  the  sample.  Equal  quantities  of  bismuthate 
are  then  added  through  a  dry  funnel,  and  the  contents  thoroughly  mixed,  the 
mixing  being  repeated  five  minutes  later.  After  being  allowed  to  settle  in  a 
dark  cupboard,  which  usually  takes  about  thirty  minutes,  measured  quantities 
of  the  clear  pink  solutions  are  transferred  by  means  of  a  pipette  jto  stoppered 
carbon  tubes,  and  the  colours  compared  in  the  usual  manner. 

In  practice  it  has  been  foimd  most  convenient  to  weigh  out  O'l  gm.  of  steel, 
dissolving  in  2  or  3  c.c.  UNO],  according  to  carbon  contents,  and  after  the 
carbon  is  estimated  transferring  to  25  c.c.  test-mixers,  and  diluting  with  UNO) 
to  20  c.c.  if  the  manganese  be  under  0*8  per  cent.,  or  to  26  c.c.  if  over  that 
percentage.  0*2  gm.  bismuthate  is  then  added  to  each  tube,  and  after  mixing 
and  allowing  to  settle,  exactly  5  c.c.  are  transferred  to  the  comparing  tubex,  the 
standard  being  diluted  to  a  convenient  tint  for  comparison  (s.g.y  0*82  standard  to 
16*4  c.c).  The  standard  used  for  the  carbon  estimation  may  conveniently  be 
used  for  determining  the  manganese,  and  one  standard  solution  will  serve  for  a 
batch  of  determinations  as  in  colour-carbon. 

The  above  modificiition  of  the  "  bismuthate  process  "  has  been  used 
for  some  time  with  satisfaction.  For  steel  works  with  Siemens 
or  Bessemer  plant,  where  a  large  number  of  analyses  have  to  be 
made  as  rapidly  as  possible,  the  advantages  of  this  modification 
over  the  original  volumetric  process  are  obvious ;  a  considerable  saving 
in  time  not  only  being  effected,  but  90  per  cent,  less  "  bismuthate  "  is 
required  for  each  estimation. 

4.    Estimation  of  Manganese  in  small  quantities  (Chatard). 

This  methoil  depends  upon  the  production  of  permanganic  acid  by 
the  action  of  nitric  acid  and  lead  peroxide,  originally  used  by  Crum 
as  a  qualitative  test.  The  accuracy  of  the  j)rocess  as  a  quantitative 
one  can,  however,  oidy  be  depended  on  when  the  quantity  of 
manganese  is  very  small,  such  as  exists  in  some  minerals,  soils,  etc. 

The  material  to  be  examined  is  dissolved  in  nitric  acid  and  boiled 
with  lead  peroxide,  by  which  meiins  any  manganese  present  is  con- 
verted to  permanganate ;  the  (piantity  so  produced  is  then  ascertained 
by  a  weak  freshly  made  standard  solution  of  oxalic  acid  or 
ammonium  oxalate. 

The  process  gives  good  results  in  determining  manganese  in 
dolomites  and  limestones,  where  the  i)roi)ortions  amount  to  from 
-^  to  2  per  cent.  In  larger  quantities  the  total  conversion  of  the 
manganeije  cannot  be  depende.d  on. 

Thorpe  and  Ham])ly  (/.  C.  S.  liii.  182)  found  that  the  final  point 
in  the  titration  with  ammonium  oxalate  was  apt  to  be  ol)sciired  by  the 
preci])itation  of  lead  carbonate,  and  they  suggest  a  modification  which 
consists  in  using  some  dilute  sulphuric  acid  with  the  lead  peroxide  and 
nitric  acid  during  the  oxi<lation  of  the  manganese  ;  no  lead  tlien  passes 
into  solution,  and  the  filtered  licjuid  remains  perfectly  clear  on  titration. 
These  operators  found  the  method  quite  trustworthy  for  ([uantities  of 
manganese  below  O'l  gm.,  and  carried  out  as  follows  : — 

H  2 
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Method  of  Procedure  :  To  the  manganese  solution,  which  must  be  free 
from  chlorine  and  not  too  dilut«,  t^y  about  25  c.c,  add  5  c.c.  of  nitric  acid  (sp. 
gr.  1*4),  2-3  gm.  of  lead  peroxide,  and  10-20  c.c.  of  dilute  sulphuric  acid 
(1  :  2).  Boil  gently  for  about  four  minutes,  wash  down  the  sides  of  the  flask 
with  hot  water,  and  continue  the  boiling  for  half  a  minute.  Allow  the  lead 
sulphate  and  peroxide  to  subside  and  filter  at  once  (best  with  filter  pump  through 
asbestos,  previously  ignited  and  ^vashed  with  dilute  H2SO4).  Wash  the  residue 
in  flask  with  boiling  water  by  decantation,  heat  the  clear  filtrate  to  G(f  C,  and 
titrate  with  ^/lo  ammonium  oxalate. 

Peters 'avails  himself  of  this  method  for  estimating  manganese  in 
pig  iron  or  steel,  by  weighing  0*1  gm.  of  the  sample  and  boiling  in  3 
or  4  c.c.  of  nitric  acid  until  solution  of  the  metal  is  complete,  adding 
0*2  or  0*3  gm.  Pb().2,  and  again  boiling  for  two  or  three  minutes, 
^vithout  filtering  off  the  insoluble  graphite,  if  such  should  be  present. 
The  solution  is  then  cooled,  filtered  through  asbestos  into  a  suitable 
graduated  tube,  and  the  colour  compared  with  a  standard  solution  of 
permanganate  contained  in  a  similar  tube. 

The  standard  permanganate  is  best  made  by  diluting  1  c.c.  of  ^/lo 
solution  with  109  c.c.  of  water  ;  each  c.c.  will  then  represent 
0*00001  gm.  Mn.  It  has  been  previously  mentioned  that  accurate 
results  by  this  method  can  only  be  obtained  by  using  very  small 
quantities  of  material.  Peters  fuids  this  to  be  the  case,  and  hence 
recommends,  that  for  irons  containing  from  0*10  to  0*35  per  cent,  of 
Mn,  O'l  gm.  should  be  operated  upon ;  when  from  0*8  to  1  per  cent, 
is  present,  0*1  gm.  of  the  sample  is  weighed,  and  one-fourth  of  the 
solution  only  treated  with  PbOg ;  in  still  richer  samples  proportionate 
quantities  must  be  taken.  As  a  guide,  it  is  well  to  assume,  that  when 
the  amount  of  iron  taken  yields  a  colour  equal  to  25-35  c.c.  of  the 
standard,  the  whole  of  the  Mn  is  oxidized.  The  actual  amount  of 
manganese  in  any  test  should  not  exceed  half  a  milligram  (C.  N 
xxxiii.  35). 

5.    Teohnioal  Examination  of  Manganese  Ores  used  for 

Bleaching  Purposes,  etc. 

The  ore,  when  powdered  and  dried  for  analysis,  rapidly  absorbs 
moisture  on  exposing  it  to  the  air,  and  consequently  has  to  be  weighed 
quickly ;  it  is  better  to  keep  the  powdered  and  dried  sample  in  a  small 
light  stoppered  bottle,  tlie  weight  of  which,  with  its  contents  and 
stopper,  is  accurately  known.  About  1  or  2  gm.  or  any  other  quantity 
within  a  trifle,  can  be  emj)tied  into  the  proper  vessel  for  analysis,  and 
the  exact  quantity  found  by  reweighing  the  bottle. 

A  hardened  steel  or  agate  mortar  must  be  used  to  reduce  the 
mineral  to  the  finest  possible  powder,  so  as  to  insure  its  complete  and 
rapid  decomposition  by  the  hydrocldoric  acid. 

Considerable  discussion  has  occurred  as  to  the  best  processes  for 
estimating  the  available  oxygen  in  manganese  ores,  arising  from  the 
fact  tliat  many  of  the  ores  now  occurring  in  the  market  contain  iron 
in  the  ferrous  state ;  and  if  such  ores  be  analyzed  by  the  usual  iron 
methoil  with  hydrochloric  acid,  a  portion  of  the  cldorine  produced  is 
employed  in  oxidizing  the  iron  contained  in  the  original  ore.     Such 
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ores,  if  examined  by  Fresenius  and  Wills'  metluKl,  show  therefore 
a  higher  percentage  than  by  the  iron  method,  since  no  such  con- 
sumption of  clilorine  occurs  in  the  former  process.  Manufacturers 
have  therefore  refused  to  accei)t  certificates  of  analysis  of  such  ores 
when  based  on  Fresenius  and  Wills'  method.  This  renders  the 
volumetric  processes  of  more  imjwrtance,  and  hence  various  experi- 
ments have  been  ma^le  to  ascertain  their  possible  sources  of  error. 

The  results  show  that  the  three  following  methods  give  very 
satisfactory  results  (see  Scherer  and  Rumpf,  C.  N,  xx.  302  ;  also 
Pattinson,  ihuL  xxi.  266;  and  Paul,  xxi.  16). 

6.    Bireot  Analysis  by  Distillation  with  Hydroohlorio  Acid. 

This  is  the  quickest  and  most  accurate  method  of  finding  the 
quantity  of  available  oxygen  present  in  any  of  the  ores  of  manganese 
or  mixtures  of  them.  It  also  possesses  the  recommendation  that  the 
quantity  of  cldorine  which  they  liberate  is  directly  expressed  in  the 
analysis  itself ;  and,  further,  gives  an  estimate  of  the  (juantity  of 
hydrochloric  acid  re<iuired  for  the  decomposition  of  any  particular 
sample  of  ore,  which  is  a  matter  of  some  moment  to  the  manu- 
facturer of  bleaching  jwwder. 

The  apparatus  for  the  operation  may  be  those  shown  in  figs.  39  or 
40.     For  precautions  in  conducting  the  distillation  see  §  39. 

Mbthod  of  Pbocedure  :  In  order  that  the  percentage  of  dioxide  shall  be 
directly  expressed  by  the  number  of  c.c.  of  ^/lo  thiosulphate  solution  used, 
0*436  g.m.  of  the  properly  dried  and  powdered  sample  is  weighed  and  put  into 
the  little  flank  ;  solution  of  potassium  iodide  in  sufficient  quantity  to  absorb  all 
the  iodine  set  free  is  put  into  the  large  tube  (if  the  solution  containing  ^  eq.  or 
38'2  gm.  in  the  liter  be  used,  about  70  or  80  c.c.  will  in  ordinary  cases  be 
sufficient)  ;  very  strong  hydrochloric  acid  is  then  poured  into  the  distilling  flask, 
and  the  operation  conducted  as  in  §  39.  Each  equivalent  of  iodine  liberated 
represents  1  eq.  CI,  also  1  eq.  MnOj. 

Instead  of  using  a  definite  weight,  it  is  well  to  do  as  before 
proposed,  namely,  to  pour  about  the  quantity  recjuired  out  of  the 
weighed  sample-l>ottle  into  the  flask,  and  find  the  exact  weight 
afterwards. 

Barlow  (C  N.  liii.  41)  records  a  gooii  method  of  separating 
Mn  from  the  metals  of  its  own  group  as  well  as  from  alkalies  and 
alkaline  earths. 

For  the  quantitative*  estimation  of  Fe  and  Mn  in  the  same  solution 
as  chlorides  (other  metals  except  Cr  and  Al  may  bo  present,  but  best 
absent),  solution  of  NH^Cl  is  first  added,  then  strong  NH^HO  in 
excess,  boil,  then  hydrogen  |>eroxide  so  long  as  a  precipitate  falls,  l)oil 
for  a  few  minutes,  filter,  wash  with  hot  water,  ignite,  and  weigh  the 
mixed  oxides  together  as  Vafi^^  +  MugO^. 

The  oxides  are  then  distilled  with  HCl,  and  the  amount  of  iodine 
found  by  thiosulphate. 

The  weight  of  mixed  oxide.s,  minus  the  MugO^,  gives  the  weight 
of  FegOg. 

Pickering  (/.  C\  S.  1880,  128)  has  pointed  out  that  pure 
manganese  oxides,  freshly  pre|)ared,  or  the  dry  oxides  in  very  fine 
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powder,  may  be  rapidly  estimated  without  distillation  by  merely 
adding  them  to  a  large  excess  of  potassium  iodide  solution  in  a  beaker, 
running  in  2  or  3  c.c.  of  hydrochloric  acid,  when  the  oxides  are 
immediately  attacked  and  decomposed;  the  liberated  iodine  is  then 
at  once  titrated  with  thiosulphate.  Impure  oxides,  containing 
especially  ferric  oxide,  cannot  however  be  estimated  in  this  way, 
since  the  iron  would  have  the  same  effect  as  manganic  oxide ;  hence 
distillation  must  be  resorted  to  in  the  case  of  all  such  ores,  and  it  is 
imperative  that  the  strongest  hydrochloric  acid  should  be  used. 

Pickering's  modified  process  is  well  adapted  to  the  examination  of 
the  Weldon  mud,  for  its  available  amount  of  manganese  dioxide. 

7.    Estimation  by  Oxalic  Acid. 

The  very  finely  powdered  ore  is  mixed  with  a  known  volume  of 
normal  oxalic  acid  solution,  sulphuric  acid  added,  and  the  mixture 
heated  and  well  shaken,  to  bring  the  materials  into  intimate  contact 
and  liberate  the  COg.  When  the  whole  of  the  ore  is  decomposed, 
which  may  be  known  by  the  absence  of  brown  or  black  sediment, 
the  contents  of  the  vessel  are  made  up  to  a  definite  volume,  say 
300  c.c,  and  100  c.c.  of  the  dirty  milky  fluid  well  acidified,  diluted, 
and  titrated  for  the  excess  of  oxalic  acid  ])y  permanganate.  If,  in 
consequence  of  the  impurities  of  the  ore,  the  mixture  be  brown  or 
reddish  coloured,  this  would  of  course  interfere  with  the  indication  of 
the  permanganate,  and  consequently  the  mixture  in  this  case  must  be 
filtered ;  the  300  c.c.  are  therefore  well  shaken  and  poured  upon  a 
large  filter.  When  about  100  c.c.  have  passed  through,  that  quantity 
can  be  taken  by  the  pipette  and  titrated  as  in  the  former  case. 

If  the  solution  be  not  dilute  and  freely  acid,  it  will  be  found  that 
the  permanganate  proditces  a  dirty  brown  colour  instead  of  its  well- 
known  bright  rose-red ;  if  the  first  few  droi)s  of  permanganate 
produce  the  proper  colour  immediately  they  are  added,  the  solution  is 
sufficiently  acid  and  dilute. 

If  4*357  gm.  of  the  ore  be  weighed  for  analysis,  the  number  of  c.c. 
of  normal  oxalic  acid  will  give  the  percentage  of  dioxide ;  but  as  that 
is  rather  a  large  quantity,  and  takes  some  time  to  dissolve  and  de- 
comjmse,  half  the  quantity  may  be  taken,  when  the  percentage  is 
obtained  by  doubling  the  volume  of  oxalic  acid. 

This  process  j)osse8ses  an  advantage  over  the  following,  inasmuch  as 
there  is  no  fear  of  false  results  occurring  from  the  presence  of  air. 
The  analysis  may  be  broken  oflf  at  any  stage,  and  resumed  at  the 
operator's  convenience. 

8.    Estimation  by  Iron. 

The  most  satisfactory  form  of  iron  is  soft  **  flower  "  wire,  wliich  is 
readily  soluble  in  sulphuric  acid.  If  a  perfectly  dry  and  unoxidized 
double  iron  salt  be  at  hand,  its  use  saves  time.  1  mol.  of  this  salt  = 
392,  representing  43*5  of  AInOg,  consequently,  1  gm.  of  the  latter 
requires  9  gm.  of  the  double  salt;  or  in  order  that  the  percentage 
shall  be  obtained  without  calculation,  1*111  gm.  of  ore  may  be  weighed 
and  digested  in  the  presence  of  free  sulphuric  acid,  with  10  gm.  of 
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double  iron  salt,  the  whole  of  which  would  1)6  required  supposing  the 
sample  were  pure  dioxide.  The  undecomposed  iron  salt  remaining  at 
the  end  of  the  reaction  is  estimated  by  ])ermanganate  or  bichromate ; 
the  quantity  so  found  is  deducted  from  the  original  10  gm.,  and  if  the 
remainder  be  multiplied  by  10  tin*  percentage  of  dioxide  is  gaine<l. 

Instead  of  this  plan,  which  necessitates  exact  weigliing,  any 
convenient  quantity  may  be  taken  from  the  tared  bottle,  as  before 
described,  and  digested  with  an  excess  of  double  salt,  the  weight  of 
which  is  known.  After  the  undecomposed  quantity  is  found  by 
permanganate  or  bichromate,  the  remainder  is  multiplied  by  the  factor 
0*111,  which  gives  the  proj)ortion  of  dioxide  present,  whence  the 
percentage  may  l)e  calculated. 

The  decomposition  of  the  ore  may  be  made  in  any  of  the  a{)|)aratus 
used  for  titrating  ferrous  iron.  The  ore  is  lirst  put  into  the 
decomposing  flask,  then  the  iron  salt  and  water,  so  as  to  dissolve  the 
salt  to  some  extent  Injfore  the  sulphuric  acid  is  added.  Sulphuric  acid 
should  be  used  in  considerable  excess,  and  the  flask  heated  by  the 
spirit  lamp  till  all  the  ore  is  decomposed ;  the  solution  is  then 
cooled,  dilute<l,  and  the  wliole  or  part  titrated  with  permanganate 
or  bichromate. 

In  the  case  of  using  ^/^q  bichromate  for  the  titration,  the  following 
plan  is  convenient : — 100  c.c.  of  ^/^q  bichromate  =  3*92  gm.  of  double 
iron  salt  (supjwsing  it  to  be  perfectly  pure),  therefore  if  0*436  gm.  of 
the  sample  of  ore  Im  boiled  with  3*92  gm.  of  the  double  salt  and 
excess  of  acid,  the  number  of  c.c.  of  bichromate  required  deducted 
from  100  will  leave  the  numljer  corresjmnding  to  the  j)ercentage. 

MEBCUBY. 

Hg  =  200. 

1  c.c.  ^/lo  solution  =  0*0200  gm.  Hg. 

=  0*0208  gm.  HggC ) 
=  0*0271  gm.  HgCl^ 

Double     iron    salt    x  0*5104  =  Hg. 

„  X  0*6914  =  HgClo 

1.    Preoipitation  as  Merourous  Chloride. 

§  69.  The  solution  to  be  titratwl  must  not  Ihj  warmed,  and  must 
contain  the  metal  only  in  the  form  of  protosalt.  ^/i©  sodium  chloride 
is  added  in  slight  exceH.s,  the  precipitate  washed  with  the  least  possible 
quantity  of  water  to  ensun^  the  removal  of  all  the  sodium  chloride ; 
to  the  filtrate  a  few  drops  of  chromate  indicator  are  added,  then  pure 
sodium  carbonate  till  the  li(|uid  is  of  a  clear  yellow  colour,  */iq  silver 
is  then  delivered  in  till  the  red  colour  occurs.  The  quantity  of 
sodium  cldoride  so  found  is  deducted  from  that  originally  used,  and 
the  diflerence  calculated  in  the  usual  way. 

2.    By  Ferrous  Oxide  and  Permanganate  (Mohr). 

This   process  is  based  on  the   fact  that  when   mercuric  chloride 
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(corrosive  sublimate)  is  brought  in  contact  with  an  alkaline  solution 
of  ferrous  oxide  in  excess,  the  latter  is  converted  into  ferric  oxide, 
while  the  mercuric  is  reduced  to  mercurous  chloride  (calomel).  The 
excess  of  ferrous  oxide  is  then  found  by  permanganate  or  bichromate — 

2HgCl^  +  2FeCl.,=Hg2Cl2  +  Fe^Cle- 

It  is  therefore  advisable  in  all  cases  to  convert  the  mercury  to  be 
estimated  into  the  form  of  sublimate,  by  evaporating  it  to  dryness 
with  nitro-hydrochloric  acid ;  this  must  take  place,  however,  below 
boiling  heat,  as  vapoui's  of  chloride  escape  with  steam  at  100*  C. 
(Fresenius). 

Nitric  acid  or  free  chlorine  must  be  altogether  absent  during  the 
decomposition  with  the  iron  protosalt,  otherwise  the  residual  titration 
will  be  inexact,  and  the  quantity  of  the  iron  salt  must  be  more  than 
sufficient  to  absorb  lialf  the  chlorine  in  the  sublimate. 

Example. — 1  gm.  of  pure  HgCl^  was  dissolved  in  warm  water,  and  3  gm.  of 
double  iron  salt  added,  then  solution  of  caustic  soda  till  freely  alkaline.  The 
mixture  became  muddy  and  dark  in  colour,  and  was  well  shaken  for  a  few 
minutes,  then  sodium  chloride  and  sulphuric  acid  added,  continuing  the  shaking 
till  the  colour  disappeared  and  the  precipitate  of  ferric  oxide  dissolved,  leaving 
the  calomel  white ;  it  w^ls  then  diluted  to  300  c.c,  filtered  through  a  dry  filter, 
and  100  c.c.  titrated  with  ^/lo  permanganate,  of  which  13*2  c.c.  were  required — 
13*2  K  3=39*6,  which  deducted  from  76"5  c.c.  (the  quantity  required  for  3  gm. 
double  iron  salt),  left  36*9  c.c.  =*  1*447  gm.  of  undecomposed  iron  salt,  which 
multiplied  by  the  factor  0*6914,  gave  10005  gm.  of  sublimate,  instead  of  1  gm., 
or  the  36*9  c.c.  may  be  multiplied  by  the  ^/lo  factor  for  mercuric  chloride, 
which  will  give  1  gm.  exactly. 

8.    By  Iodine  and  Thiosulphate  (Hemp el). 

If  the  mercury  exist  as  a  protosalt  it  is  precipitated  by  sodium 
chloride,  the  precipitate  well  washed  and  together  witli  its  filter 
pushed  through  the  funnel  into  a  stoppered  flask,  a  sufficient  quantity 
of  potassium  iodide  added,  together  with  ^/jq  iodine  solution  (to  1  gm. 
of  calomel  about  2*5  gm.  of  iodide,  and  100  c.c.  of  ^/jq  iodine),  the 
flask  close<i,  and  shaken  till  the  precipitate  has  dissolved — 

HgaClg  +  6KI  +  21  =:2HgK.^l4  +  2KC1. 

The  brown  solution  is  then  titrated  with  ^/lo  thiosulphate  till  colour- 
less, diluted  to  a  definite  volume,  and  a  measured  portion  titrated 
with  ^/lo  iodine  and  starch  for  the  excess  of  thiosulphate.  1  c.c. 
^/lo  iodine=0'02  gm.  Hg. 

Where  the  mercurial  solution  contains  nitric  acid,  or  the  metal  exists  as 
peroxide,  it  may  be  converted  into  protochloride  by  the  reducing  action  of 
ferrous  sulphate,  as  in  Mohr's  method.  The  solution  must  contain  hydro- 
chloric acid  or  common  salt  in  sufficient  quantity  to  transform  all  the  mercury 
into  calomel.  At  least  three  times  the  weight  of  mercury  present  of  ferrous 
sulphate  in  solution  is  to  be  added,  then  caustic  soda  in  excess,  the  muddy  liquid 
well  shaken  for  a  few  minutes,  then  dilute  sulphuric  acid  added  in  excess,  and 
the  mixtiu-e  stirred  till  the  dark-coloured  precipitate  has  become  perfectly  white. 
The  calomel  so  obtained  is  collected  on  a  filter,  well  washed,  and  titrated  with 
w/xo  iodine  and  thiosulphate  as  above. 

C.  Reichard  has  recommended  the  following  method  of  estimating  mercury 


§  69.  MERCURY.  249 

(Z.  a.  C,  1898,  740).  A  weighed  quantity  of  the  mercury  compound  is  dissolved 
and  converted  into  mercury  anieniate  by  boiling  with  i^tandard  arsenious  acid 
and  caustic  soda  in  excess.  Metallic  mercury  is  precipitated  as  a  black  powder. 
This  is  filtered  and  washed,  and  the  amount  of  unoxidized  arsenious  acid  in  the 
filtrate  is  found  by  titration  with  standard  iodine  in  the  usual  way. 

4.    As  Merourio  Iodide  (Personne)  Compt.  Bend.  IvL  63. 

This  process  is  foiindeil  on  the  fact  that  if  a  solution  of  mercuric 
chloride  be  adde^l  to  one  of  potassium  iodide,  in  the  proportion  of  1 
equivalent  of  the  former  to  4  of  the  latter,  red  mercuric  iodide  is 
formed,  which  dissolves  to  a  colourless  solution  until  the  balance  is 
oversteppeil,  when  the  brilliant  re<l  colour  of  the  iodide  appears  as  a 
precipitate,  wliich,  even  in  the  smallest  quantity,  communicates  its 
tint  to  the  liquid.  The  mercuric  solution  must  always  be  added  to 
the  iodide  ;  a  reversal  of  the  process,  though  giving  eventually  the 
same  quantitative  reaction,  is  nevertheless  much  less  speedy  and 
trustworthy.  The  mercurial  compounds  to  be  estimated  by  this 
process  must  invariably  be  brought  into  the  form  of  neutral  mercuric 
chloride. 

The  standard  solutions  required  are  decinormal,  made  £is  follows  : — 

Solution  of  potassium  iodide. — ^3*2  gm.  of  pure  salt  to  1  liter. 
1  c.c.=0-01  gm.  Hg.  or  001355  gm.  HgCl.,. 

Solution  of  mercuric  chloride. — 13*537  gm.  of  the  salt,  with  about 
30  gm.  of  pure  so^lium  chloride  (to  assist  solution),  are  dissolved  to 
1  liter.     1  c.c.=0-l  gm.  Hg. 

Method  of  Pbocedube:  Tlie  conversion  of  various  forms  of  mercury  into 
mercuric  chloride  is,  according  to  Personne,  best  effected  by  heating  with 
caustic  soda  or  potash,  and  passing  chlorine  gas  into  the  mixture,  which  is  after- 
wards boiled  to  expel  excess  of  chlorine  (the  mercuric  chloride  is  not  volatile  at 
boiling  temperature  when  associated  with  alkaline  chloride).  The  solution  is 
then  cooled  and  diluted  to  a  given  volume,  placed  in  a  burette,  and  delivered  into 
a  measured  volume  of  the  decinormal  iodide  until  the  characteristic  colour 
occurs.  It  is  preferable  to  dilute  the  mercuric  solution  considerably,  and  make 
up  to  a  given  measure,  say  300  or  500  c.c. ;  and  as  a  preliminary  trial  take  20 
c.c.  or  so  of  iodide  solution,  and  titrate  it  with  the  mercuric  solution  approxi- 
mately with  a  graduated  pipette ;  the  exact  strength  may  then  be  found  by  using 
a  burette  of  sufficient  size. 

6.    By  Potassium  Cyanide  (Han nay). 

This  process  is  exceedingly  valuable  for  the  estimation  of  almost  all 
the  salts  of  mercury  when  they  occur,  or  can  be  separated  in  a 
tolerably  pure  state.  Organic  compounds  are  of  no  consequence 
unless  they  atfect  the  colour  of  the  solution. 

Tlie  method  depends  on  the  fact  tliat  free  ammonia  produces  a 
precipitate,  or  (when  the  quantity  of  mercury  is  very  small)  an 
opalescence  in  mercurial  solutions,  wliich  is  removed  by  a  definite 
amount  of  potassium  cyanide. 

The  delicacy  or  the  reaction  is  interfered  with  by  excessive 
quantities  of  ammoniacal  salts,  or  by  caustic  soda  or  potash ;  but  this 
difficulty  is  lessened  by  the  modification  suggested  bv  Tuson  and 
Neison  {J,  C.  S.  1877,  679). 
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Chapman  Jones  (/.  C,  S,  Ixi.  364)  has  further  modified  the 
process  so  as  to  make  it  easier  to  detect  the  end-point,  and  says  of  the 
method  as  worked  by  Tuson  and  Neison:  "  Their  general  method 
consists  in  dissolving  the  mercury  compound  in  acid,  as  may  be  con- 
venient, adding  a  little  ammonium  chloride,  and  then  potassium 
carbonate,  until  an  opalescent  precipitate  appears.  The  cyanide 
solution  is  then  added.  They  give  experiments  showing  the  trust- 
worthiness of  the  process  as  applied  to  the  nitrate,  sulphate,  acetate, 
oxalate,  sebate,  and  citrate  of  mercury ;  and  state  that  the  presence  of 
nitrates,  sulphates,  chlorides,  acetates,  oxalates,  citrates,  and  butyrates 
of  potassium,  sodium,  calcium,  and  magnesium,  and  organic  matter  as 
far  as  tested,  does  not  interfere  with  the  accuracy  of  the  method. 

From  my  experience,  I  cannot  affirm  that  these  methods  of  working 
are  satisfactory.  There  is  considerable  uncertainty  as  to  the  end  of 
the  reaction,  because  less  potassium  cyanide  will  effect  a  clearance  if 
longer  time  is  allowed. 

These  difficulties  and  uncertainties  can,  I  find,  be  entirely 
eliminated,  and  the  process  reduced  to  a  series  of  operations  which, 
are  comparatively  simple  and  rapid,  by  perfonuing  the  titration  in  an 
entirely  different  manner  from  either  variation  suggested  by  the 
authors  referred  to.  I  employ  a  solution  of  mercuric  chloride  contain- 
ing 0*01  gm.  of  metal  per  c.c,  and  a  solution  of  crystallized  potassium 
cyanide  made  by  dissolving  7  gm.  to  the  liter,  the  exact  value  of 
which  is  found  by  titrating  it  against  the  mercury  solution.  Strong 
ammonia  diluted  to  ten  times  its  bulk,  and  some  diluted  to  fifty  or  a 
hundred  times  its  bulk,  are  convenient. 

Method  of  Proceduhe  :  If  the  mercury  solution  is  not  fit  for  titration,  the 
metal  is  precipitated  as  sulphide,  which,  after  washing,  is  washed  off  the  filter  and 
allowed  to  subside ;  the  clear  water  is  then  decanted  off,  and  aqua  regia  added  to- 
the  moist  residue.  The  precipitate,  with  ihe  paper  it  is  on,  might  doubtless  be 
treated  direct  with  aqua  regia^  as  Tuson  and  Neison  found  that  organic 
matter,  so  far  as  they  tried  it,  does  not  influence  the  result.  To  avoid  the 
j>08sibility  of  volatilizing  the  mercury  salt,  the  aqva  regia  is  allowed  to  act  in 
the  cold.  In  a  few  hours,  sometimes  in  far  less  time,  the  residue  is  of  a  pale 
yellow  colour,  and  the  solution  may  be  diluted  and  filtered.  The  solution,  or  an 
aliquot  pait  of  it,  is  then  coloured  distinctly  with  litmus  treated  with  successive 
small  quantities  of  powdered  potassium  carbonate  imtil  alkaline,  warming  but 
slightly,  and  then  rendered  just  acid  with  dilute  hydrochloric  acid,  with 
subsequent  boiling  to  remove  the  COj.  The  mercurj'  is  not  precipitated  at  all, 
unless  the  CO.2  is  boiled  out  before  acidification.  After  cooling,  the  dilutest 
ammonia  mentioned  above  is  added,  a  drop  at  a  time,  until  the  litmus  in  the 
solution  shows  that  the  excess  of  acid  is  very  slight,  or  in  just  insufficient 
quantity  to  produce  a  permanent  precipitate.  A  quantity  of  cyanide  solution, 
which  is  known  to  be  in  excess  of  that  required,  is  added,  and,  as  a  guide  for  the- 
first  titration,  the  ammonia  may  be  added  until  a  slight  precipitate  is  produced,^ 
and  cyanide  until  the  solution  is  cleared.  Two  or  three  drops  (not  more)  of  the 
1  in  10  ammonia  are  introduced,  and  then  more  of  the  mercury  solution  is  added 
until  the  permanent  turbidity  produced  matches  that  obtained  by  adding  0*1  c.c. 
of  the  mercury  solution  to  about  the  same  bulk  of  water  as  the  test,  and 
containing  approximately  the  same  amounts  of  litmus.and  free  ammonia.  Each 
drop  of  the  mercury  solution  added  produces  its  maximum  turbidity  in  a  few 
seconds,  and  it  can  be  seen  at  a  glance,  if  the  flasks  are  properly  placed,  whether 
this  turbidity  is  equal  to  or  less  than  the  standard.  In  a  few  seconds  more  it  i»^ 
quite  obvious  whether  the  turbidity  is  permanent  or  is  growing  less.    Too  much 
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free  ammonia  causes  the  precipitate  to  clot  together,  and  so  vitiates  the  result. 
The  presence  of  the  litmus  tends,  in  my  experience,  to  lessen  the  error  due  to 
the  variation  in  the  state  of  ag^^^^tion  of  the  precipitate  when  too  much 
ammonia  has  been  added.  The  turbidities  so  obtained  will  remain  apparently 
unchanged  for  many  hours.  The  0*1  c.c.  excess  of  mercury  solution  in  of  course 
allowed  for  in  the  calculation." 

NICKEL. 

§  70.  The  best  method  for  tlie  estimation  of  this  metal 
volumetrically  is  that  of  T.  Moore  (C,  N,  Ixxii.  92),  whose  descrip- 
tion of  the  metluKl  is  as  follows  : — 

"If  to  an  ammoniacal  solution  of  nickel  containing  Agl  in 
suspension  (silver  iodide  being  almost  insoluble  in  weak  ammonia) 
there  is  added  i)otassium  cyanide,  the  solution  will  remain  turbid  so 
long  as  all  the  nickel  is  not  converted  inlo  the  double  cyanitle  of 
nickel  and  potassium,  the  slightest  excess  of  cyanide  being  indicated 
by  the  clearing  up  of  the  liciuid,  and  furthermore,  this  excess  may  be 
exactly  determined  by  abiding  a  solution  of  silver  until  the  turbidity 
is  reproduced.  It  is  a  fortunate  circumstance  that  the  complicated 
side-reactions  existing  in  Parke's  copjier  assay  do  not  api)ear  to  take 
place  with  nickel  solutions,  at  least  not  when  the  tem[x?rature  is  kept 
below  20"  C.  This  is  fully  borne  out  by  the  fact  that  the  cyanide 
may  be  stamlardized  on  either  silver  Or  nickel  solutions  with  ec^ual 
exactness.  In  pmctice  it  has  been  found  best  to  proceed  in  the 
following  manner  : — 

Stanclard  solution  of  silver  nitrate,  containing  about  3  gm.  of  silver 
per  liter.     The  strength  of  this  solution  must  bo  accurately  known. 

Potassium  iodid(»,  10  per  cent,  solution. 

Potassium  cyanide,  22  to  25  gm.  per  liter.  This  solution  must  be 
tested  every  few  tlays,  owing  to  its  liability  to  change. 

Standardizing  the  Cyanide  Solution.— This  may  be  accomplished 

in  two  way}* ;  (a)  on  a  solution  of  nickel  of  known  metallic  contents,  or  (b)  on 
the  silver  solution. 

(a)  First  accurately  establish  the  relation  of  the  cyanide  to  the  silver  solution » 
by  running  into  a  beaker  3  or  4  c.c.  of  the  former ;  dilute  this  with  about  150  c.c. 
of  water,  render  slightly  alkaline  with  ammonia,  and  then  add  a  few  drops  of 
the  potassium  iodide.  Now  carefully  run  in  the  silver  solution  until  a  faint 
permanent  opalescence  is  produced,  which  is  finally  caused  to  disap|>ear  by  the 
further  addition  of  a  mere  trace  of  cyanide.  The  resi)ective  volumes  of  the 
silver  and  cyanide  solutions  are  then  read  off,  and  the  eciuivalent  in  cyanide  of 
1  c.c.  silver  solution  calculated.  A  solution  containing  a  knoifiii  quantity  of 
nickel  is  now  required.  This  must  have  sufficient  free  acid  present  to  prevent 
the  formation  of  any  precipitate,  on  the  subsequent  addition  of  ammonia  to 
alkaline  reaction ;  if  this  is  not  so,  a  little  ammonium  chloride  may  be  added. 
A  carefully  measured  quantity  of  the  solution  is  then  taken,  containing  about 
0*1  gm.  of  nickel,  and  rendered  distinctly  alkaline  with  ammonia,  a  few  dro]>s  of 
iodide  added,  and  the  liquid  diluteil  to  150  or  200  c.i*.  A  few  drops  of  the 
silver  solution  are  now  run  in,  jind  the  solution  stirre<l  to  pHxiuce  a  unifonn 
turbidity.  Tlie  solution  is  now  ready  to  Ix.^  titrated  with  the  cyanide,  which  is 
added  slowly  and  with  constant  stirring  until  the  precipitate  wholly  disappears ; 
a  few  extra  drops  are  added,  after  whi<*h  the  l^eaker  is  jilaced  under  the  silver 
nitrate  burette,  and  this  solution  gently  dropi)ed  in  until  a  faint  permanent 
turbidity  is  again  visible:  this  is  now  finally  caiLsed  to  dissolve  by  the  mere 
fraction  of  a  drop  of  the  cyanide.    A  correction  must  now  be  applied  for  the 
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excess  of  the  cyanide  added,  bj  noting  the  amount  of  silver  employed,  and 
working  out  its  value  in  C3ranide  from  the  data  already  found ;  this  excess  must 
then  be  deducted,  the  corrected  number  of  c.o.  being  then  not^  as  equivalent  to 
the  amount  of  nickel  employed. 

(b)  Having  determined  the  relative  value  of  the  cyanide  to  the  silver  solution, 
and  knowing  accurately  the  metallic  contents  of  the  latter,  then  Ag  x  0*27196 
gives  the  nickel  equivalent.  This  method  is  quite  as  accurate  as  the  direct 
titration. 

A  modification  of  the  above  process,  wherein  one  burette  only  is 
necessary,  has  been  found  very  convenient,  and  has  given  most 
excellent  results.     It  is  as  follows  : — 

When  a  solution  of  potassium  cyanide,  containing  a  small  quantity  of  silver 
cyanide  dissolved  in  it,  is  added  to  an  ammoniacal  solution  of  nickel  containing 
potassium  iodide,  it  is  seen  that  silver  iodide  is  precipitated,  and  the  turbidity 
thus  caused  in  the  solution  continues  to  increase  up  to  the  point  where  the 
formation  of  the  nickelo-potassium  cyanide  is  complete ;  any  further  addition 
after  this  stage  is  reached  will  produce  a  clearing  up  of  the  liquid,  until,  at  last, 
the  addition  of  a  single  drop  causes  the  precipitate  to  vanish.  This  final 
disappearance  is  most  distinct,  and  leaves  no  room  for  doubt.  Such  a  solution 
may  be  prepared  by  dissolving  20  to  25  gm.  of  potassium  cyanide  in  a  liter  of 
water,  adding  to  this  about  0'25  gm.  silver  nitrate,  previously  dissolved  in  a  little 
water.  For  large  quantities  of  nickel  the  quantity  of  silver  may  advantageously 
be  diminished,  and  vice  versd.  The  value  of  the  cyanide  is  best  ascertamed  in 
the  manner  already  described,  on  a  nickel  solution. 

Small  quantities  of  cobalt  do  not  seriously  affect  the  results,  but  it 
must  be  remembered  that  it  will  be  estimated  with  the  nickel ;  its 
presence  is  at  once  detected  by  the  darkening  of  the  solution. 
Manganese  or  copper  render  the  process  valueless,  so  also  does  zinc ; 
the  latter,  however,  in  alkaline  pyrophosphate  solution  exercises  no 
influence.  In  the  presence  of  alumina,  magnesia,  or  ferric  oxide, 
citric  acid,  tartaric  acid,  or  pyrophosphate  of  soda  may  be  employed 
to  ke«p  them  in  solution.  The  action  of  iron  is  somewhat  deceptive, 
as  the  solution,  once  cleared  up,  often  becomes  troubled  again  on 
standing  for  a  minute  :  should  this  occur,  a  further  addition  of  cyanide 
must  be  given  until  the  liquid  is  rendered  perfectly  limpid.  The 
temperature  of  the  solution  should  not  much  exceed  20**  C. :  above 
this  the  results  become  irregular.  The  amount  of  free  ammonia  has 
also  a  disturbing  influence  ;  a  large  excess  hinders  or  entirely  prevents 
the  reaction  ;  the  liquid  should,  therefore,  be  only  slightly,  but  very 
distinctly  alkaline.  A  word  of  caution  must  be  given  regarding  the 
potassium  cyanide,  as  many  of  the  reputed  pure  samples  are  very  far 
from  being  so.  The  most  hurtful  impurity  is,  however,  sulphur,  as  it 
gives  rise  to  a  darkening  of  the  solution,  owing  to  the  formation  of 
the  less  readily  soluble  silver  sulphide ;  to  get  rid  of  the  sulphur 
impurity  it  is  necessary  to  thoroughly  agitate  the  cyanide  liquor  with 
oxide  of  lead,  or,  what  is  far  preferable,  oxide  of  bismuth. 

As  regards  the  exactness  of  the  methods,  it  may  be  said,  that,  after 
a  prolonged  experience,  extending  over  many  thousands  of  estimations, 
they  have  been  found  to  be  more  accurate  and  reliable  than  either  the 
electrolytic  or  gravimetric  methods,  and  when  time  is  a  consideration 
the  superiority  is  still  more  pronounced.  The  employment  of  organic 
acids  or  sodium  pyrophosphate  in  the  case  when  iron,  zinc,  etc.,  are 
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present,  allows  the  op<;rator  to  di8[)ense  with  the  tedious  8e|>aratioii 
which  their  presence  otherwise  entails ;  and  this  is  a  matter  of  con- 
siderable imi>ortance  in  tlie  assay  of  nickel  mattes  or  (lerman  silver." 

.  Another  modification  of  this  method  has  been  adopted  by  the 
author  for  nickel  ores  existing  in  New  Caledonia  which  contain  iron 
and  manganese,  etc. 

Method  of  Pbocedube  :  Two  soIutionB  are  prepared :  (a)  11  i(m.  of  98  ]ier 
cent,  potawium  cyanide,  0*5  >(m.  of  nilver  nitrate,  and  1  liter  of  distilled  water ; 
and  (b)  50  gm.  of  citric  acid,  38  jfm.  (approximately)  of  Rodium  carbonate, 
7*5  gm.  of  potassium  iodide,  and  500  c.c.  of  distilled  water  ;  35  gm.  of  the 
sodium  carbonate  are  first  added,  and  then  the  remainder,  deciitcram  by  decigram, 
until  neutrality  is  attained,  before  adding  the  potassium  iodide.  It  is  important 
that  solution  b  be  either  absolutely  neutral  or  only  very  slightly  alkaline.  2*5  gm. 
of  the  ore  (after  drying  at  liKf  C)  are  placed  in  a  250  c.c.  flask,  dissolved  in 
20  c.c.  of  HCl,  and  the  solution  made  up  to  250  c.c.  with  water,  and  then  well 
agitated.  The  insoluble  silica,  etc.,  is  then  filtered  ofT,  and  to  50  c.c.  of  the 
filtrate,  10  c.c  of  solution  b  are  added,  then  dilute  ammonia  in  slight  excess  till 
the  characteristic  blue  c«)louration  is  produced  and  the  solution  is  cooled.  The 
liquid  is  then  titrated  with  solution  a  added  gradually  and  with  stirring.  A  white 
cloudy  precipitate  forms  at  first,  but  di.Hap|>ears  on  the  addition  of  the  last  drop 
of  solution  a.  A  standard  solution  of  pure  nickel  is  prepared  and  titrated  in  the 
same  manner  as  the  ore. 

The  process  takes  al)out  thirty  minutes,  and  the  rej«ults,  although  usually  a 
little  too  high,  are  very  ooncx)rdant.  The  method  is  not  applicable  to  ores 
containing  large  quantities  of  in>n,  manganese,  or  cobalt,  25  |>er  cent,  being  the 
limit  for  iron  and  manganese,  and  1  per  cent,  for  cobalt. 

Where  it  is  neceiwary  to  8e])arate  iron  from  nickel  as  in  the  C4ise  of 
nickel  steel,  etc.,  so  as  to  make  the  nickel  r(*a<ly  for  titration  by 
cyanide,  H.  B  rear  ley  (6*.  iV.  Ixxvi.  49)  has  devised  the  following 
method  with  good  teclinical  results.  It  consists  in  precipitating  the 
iron  by  ammonium  or  sixlium  acetate.  A  concentrated  solution  of 
the  amnumium  salt  is  made  by  saturating  3.3  7o  acetic  acid  with 
strong  ammonia.  The  solution  to  be  used  in  the  se[)aration  is  ma<le 
by  diluting  75  c.c.  of  this  to  a  liter.  If  sodium  acetate  is  used, 
the  working  solution  shouhl  contain  50  gm,  of  the  crystals  to  1  liter 
of  water. 

Cyanide  solution  should  contain  about  5  gm.  per  liter  of  the 
pure  salt. 

Silver  nitrate. — 2*5  gm.  per  liter. 

Potassium  iodide. — 20  gm.  per  liter. 

Standard  nickel  may  be  made  from  the  cubt;  metal  which  contains 
about  99*5  7o  f>f  pure  metal ;  if  there  is  more  than  a  trace  of  iron  it 
should  be  separated  by  ammonium  acetate. 

Method  of  Pbockdurk:  Dissolve  1  gm.  of  the  alloy  in  hydrochloric  acid 
and  oxidize  with  nitric  a<nd.  In  case  the  alloy  contains  little  or  no  cnrbon  it  may 
be  straightway  dissolved  in  nitric  acid.  Dilute,  cool,  add  carlM)nated  alkali  until 
a  slight  permanent  precipitate  forms  (if  the  sample  is  always  dissolved  in  the 
same  amount  of  acid  the  volume  of  standard  alkali  will  be  approximately 
known) ;  add  10  c.c.  acetic  acid,  dilute  to  somewliat  less  than  a  liter  with  either 
hot  or  cold  water,  add  10  to  12  c.c.  ammonium  of  sodium  acetate,  of  the  strength 
previously  mentioned,  for  each  gm.  of  iron  in  solution.  If,  on  nearing  the 
t)oiling-point,  owing  to  imperfect  neutralization,  no  turbidity  occurs,  add  a<!ctate 
(2  or  3  c.c.  at  a  time)  until  it  does.  Boil,  measure  volume,  agitate  until 
precipitate    settles,    and    filter    aliquot    part    through    asbestos.      Then    cool. 
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a  aod  titrate  with  cj'Miide 


potBBKiuai  cyanide  previously  standardized  on  pure  nickel  Bmmouium  Bulphate. 
The  nickel  eolution  to  be  teatad  should  be  (airly  concentrated  and  rendered  feebly 
alkaline  with  ammonia.     If  tliere  is  iron  preeeul  some  ammonium  tartrate  should 


be  added  to  prevent  the  precipitation  of  it  by  the  ammonia.  The  cysoide  it 
uaed  in  amall  quantities  with  constant  shaking  UDtil  a  drop  produces  a  clou 
jellowisfa  solution.     Copper,  ziac,  and  cobalt  must  not  he  present. 


NITROGEN    AS    NITBATES    AND    NITBITES. 
Nitric  Anhydride. 

.  Ks,Oj=108. 
Nitrous  Anhydride. 

Normal  acid  x  0-0540  =  N„Oj 

Ditto  X  0-1011  =  KN03 

Metallic  iron  x  0-3750  =-  HNO^ 

Ditto  X  0-6018  =  KKO3 

Ditto  X  0-3214  =  NjO5 

g  71.  The  accurate  esliination  of  nitric  acid  in  combination 
jiresents  great  ditticultios,  and  can  only  be  secured  by  indirect  means ; 
the  methods  here  given  are  nuflicient  for  most  piirpoeea.  Very  few 
of  them  can  be  said  to  he  simple,  but  it  is  to  he  feared  that  no 
simple  process  can  ever  be  obtaini'd  for  tliu  determination  of  nitric 
acid  in  many  of  its  combinations. 

1.    Estimation  by  oonversion  into  Ammonia  (SohulBe  and 
Vernon  Harcourt). 


The  principle  of    this  methoil    is   baseil  on  the  fact  that  when 
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a  nitrate  is  heated  with  a  strong  alkaline  solution,  and  zinc  added, 
ammonia  is  evolved ;  when  zinc  alone  is  used,  liowever,  the  quantity 
of  ammonia  liberated  is  not  a  constant  measure  of  tlie  nitric  acid 
present.  Vernon  Harcourt  and  Siewart  appear  to  have  arrived 
independently  at  the  result  tliat  by  using  a  mixture  of  zinc  and 
iron  the  reaction  was  perfect  (•/.  C,  S.,  1862,  381 ;  An,  Cheta, 
t*.  Phar,  exxv.  293). 

A  convenient  form  of  ap})aratus  is  shown  in  fig.  48. 

Method  of  Procedure:  The  distilling  flask  holds  about  200  c.c,  and  is 
closely  connected  by  a  bent  tube  \di\i  another  smaller  flask,  in  such  a  manner 
that  both  may  be  placed  obliquely  upon  a  sand-bath,  the  bulb  of  the  smaller 
flask  coming  just  under  the  neck  of  the  larger.  The  oblique  direction  prevents 
the  spirting  of  the  boiling  liquids  from  entering  the  exit  tubes,  but  as  a  further 
precaution,  these  latter  are  in  both  flasks  turned  into  the  form  of  a  hook ;  from 
the  second  flask,  which  must  be  somewliat  wide  in  the  mouth,  a  long  tube  passes 
through  a  Liebig's  condenser  (which  may  be  made  of  wide  gkss  tube)  into  an 
ordinary  tubulated  receiver,  containing  normal  sulphuric  acid  coloured  with  an 
indicator.  The  end  of  the  distilling  tube  reaches  to  about  the  middle  of  the 
receiver,  through  the  tubulure  of  which  Harcourt  passes  a  bulb  apparatus  of 
peculiar  form,  containing  also  coloured  nonnal  acid ;  instead  of  this  latter, 
however,  a  chloride  of  calcium  tube,  fliled  with  broken  glass,  and  moistened 
with  acid,  will  answer  the  purpose.  The  distilling  tube  should  be  cut  at  about 
two  inches  from  the  cork  of  the  second  flask,  and  connected  by  means  of  a  well- 
fitting  vulcanized  tube ;  by  this  means  water  may  be  passed  through  the  tube 
when  the  distillation  is  over  so  as  to  remove  any  traces  of  ammonia  which  may 
be  retained  on  its  sides.  AH  the  corks  of  the  apparatus  should  be  soaked  in  hot 
parafline,  so  as  to  fill  up  the  pores. 

All  being  ready,  about  50  gm.  of  finely  granulated  zinc  (best  made  by  pouring 
molten  zinc  into  a  warm  iron  mortar  while  the  pestle  is  rapidly  being  rubbed 
round)  are  put  into  the  larger  flask  with  about  half  the  quantity  of  clean  iron 
filings  which  have  been  ignited  in  a  covered  crucible  (fresh  iron  and  zinc  should 
be  used  for  each  analysis) ;  the  weighed  nitrate  is  then  introduced,  either  in 
solution,  or  with  water  in  suflicient  quantity  to  dissolve  it,  strong  solution  of 
caustic  potash  added,  and  the  flask  innuediately  connected  with  the  apparatus, 
and  placed  on  a  small  sand-bath,  which  can  be  heated  by  a  gas-burner,  a  little 
water  being  previously  put  into  the  second  fla»»k.  Convenient  proportions  of 
material  are  \  gm.  nitre,  and  about  25  c.c.  each  of  water,  and  solution  of  potash 
of  spec.  grav.  1*3.  The  mixture  should  be  allowed  to  remain  at  ordinary 
temperature  for  about  an  hour  (Eder). 

Heat  is  now  applied  to  tliat  part  of  the  sand-bath  immediately  beneath  the 
larger  flask,  and  the  mixture  is  gradually  raised  to  the  boiling  point.  When 
distillation  has  actually  commenced,  the  water  in  the  second  flask  is  made  to  boil 
gently ;  by  this  arrangement  the  fluid  is  twice  distilled,  and  any  traces  of  fixed 
alkali  which  may  escape  the  first  are  sure  to  b?  retained  in  the  second  flask. 
The  distillation  with  the  quantities  above  named  will  occupy  about  an  hour  and 
a  half,  and  is  completed  when  hydrogen  is  pretty  freely  liberated  as  the  potash 
becomes  concentrated.  The  lamp  is  then  removed,  and  the  whole  allowed  to 
cool,  the  distilling  tube  rinsed  into  the  receiver,  also  the  tube  containing  broken 
glass;  the  contents  of  the  receiver  are  then  titrated  with  ^/lo  caustic  potash  or 
soda  as  usual. 

Eder  recommends  that  an  ordinary  retort,  with  its  beak  set  upwards,  should 
be  used  instead  of  the  flask  for  holding  the  nitrate,  and  that  an  a^^pirator  should 
be  attached  to  the  exit  tube,  so  tliat  a  current  of  air  may  be  drawn  throuj^h 
during  and  after  the  distillation. 

Chlorides  and  sulphates  do  not  interfcn*  with  the  process. 
This  methoil  is  simplified  in  some  agricultural  experiment  sUitions 
for  the  analysis  of  sodium  antl  potassium  nitrates. 
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Method  of  Procedure  :  05  gm.  of  the  nitrate  is  dissolved  in  about  50 c.c. 
of  water  in  a  convenient  flask  fitted  with  a  bulb  distilling  tube  such  as  is  shown 
either  in  fig.  30  or  31.  To  the  liquid  is  added  about  5  gm.  each  of  zinc  dust  and 
iron  filings,  then  80  c.c.  of  sodium  hydrate  solution  (sp.  gr.  1*3).  The  mixture 
is  allowed  to  stand  at  ordinary  temperature  for  an  hour,  when  the  distillation  is 
commenced  by  heating  up  carefully  and  distilling  until  at  least  100  c.c.  are 
received  into  standard  acid  through  a  condenser,  as  in  the  Kjeldahl  process. 

Schmitt  has  suggested  a  further  mo<iification  of  this  method, 
technically  useful  for  mixed  manures. 

Method  of  Procedure:  About  1  gm.  of  the  substance  in  which  the 
nitrate  is  to  be  estimated  is  dissolved  in  water,  5  c.c.  of  glacial  acetic  acid  and 
3  gm.  of  an  equal  mixture  of  finely  powdered  iron  and  zinc  added,  and  the  flask 
gently  heated  for  10  or  15  minutes.  "When  cooled,  25  c.c.  of  sulphuric  acid  are 
cautiously  added  and  the  froth  mitigated  with  a  little  solid  paraflSii.  The  flask  is 
then  gently  heated  to  drive  off  the  acetic  acid,  and  the  remainder  boiled  as  in 
the  Kjeldahl  method  until  colourless.  Distillation  is  then  commenced  by 
adding  excess  of  caustic  soda  in  the  usual  way  and  receiving  the  distillate  into 
standard  acid. 

2.    By  Oxidation  of  Ferrous  Salts  (Pelouze).    Not 
available  in  the  presence  of  Organic  Matter. 

Tlie  principle  upon  which  this  well-known  process  is  based  is  as 
follows : — 

(a)  When  a  nitrate  is  brought  into  contact  with  a  solution  of 
ferrous  oxide,  mixed  with  free  hydrochloric  acid,  and  heated,  part  of 
the  oxygen  contained  in  the  nitric  acid  passes  over  to  the  iron,  forming 
a  persalt,  while  the  base  combines  with  hydrochloric  acid,  and  nitric 
oxide  (^Og)  is  set  free.  3  eq.  iron  =  168  are  oxidized  by  1  eq.  nitric 
acid =63.  If,  therefore,  a  weighed  quantity  of  the  nitrate  be  mixed 
with  an  acid  solution  of  ferrous  chloride  or  sulphate  of  known 
strength  in  excess,  and  the  solution  boiled,  to  expel  the  liberated 
nitric  oxide,  then  the  amount  of  unoxidized  iron  remaining  in  the 
mixture  found  by  a  suitable  method  of  titration,  the  quantity  of  iron 
converted  from  ferrous  into  ferric  oxide  will  be  the  measure  of  the 
original  nitric  acid  in  the  proportion  of  168  to  63;  or  by  dividing 
63  by  168,  the  factor  0*375  is  obtained,  so  that  if  the  amount  of  iron 
changed  as  described  be  multiplied  by  this  factor,  the  product  will  be 
the  amount  of  nitric  acid  present. 

This  method  though  theoretically  perfect,  is  in  practice  liable  to 
serious  errors,  owing  to  the  readiness  with  which  a  solution  of  ferrous 
oxide  absorbs  oxygen  from  the  atmosphere.  On  this  account  accurate 
results  are  only  obtained  by  conducting  hydrogen  or  carbonic  acid 
gas  through  the  apparatus  while  the  boiling  is  carried  on.  This 
modification  has  been  adopted  by  Fresenius  with  very  satisfactory 
results. 

Ihe  boiling  vessel  may  consist  of  a  ^mall  tubulated  retort,  supported  in  such 
a  manner  that  its  neck  inclines  upward ;  a  cork  is  fitted  into  the  tubulure,  and 
through  it  is  passed  a  small  tube  connected  with  a  vessel  for  generating  either 
carbonic  acid  or  hydrogen.  If  a  weighed  quantity  of  pure  metallic  iron  is  used 
for  preparing  the  solution,  the  washed  carbonic  acid  or  hydrogen  should  be 
jassed  throujih  the  apj  aratus  while  it  is  being  dissolved ;  the  solution  so  obtained, 
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or  one  of  double  sulphate  of  iron  and  ammonia  of  known  strength,  being 
already  in  the  retort,  the  nitrate  is  carefully  introduced,  and  the  mixture  heated 
gentl}'  by  a  small  lamp,  or  by  the  water  bath,  for  ten  minutes  or  so,  then  boiled 
until  the  dark-red  colour  of  the  liquid  disap])ear8,  and  gives  place  to  the 
brownish-yellow  of  ferric  compounds.  The  retort  is  then  suffered  to  cool,  the 
current  of  carbonic  acid  or  hydrogen  still  being  kept  up,  then  the  liquid  diluted 
freely,  and  titrated  with  ^/lo  permanganate. 

Owing  to  the  im^gularities  attending  the  use  of  permanganate 
with  hydrochloric  acid,  it  in  preferable,  in  case  this  acid  has  l^een 
used,  to  dilute  the  solution  less,  and  titrate  with  hicliromate.  Two 
grams  of  pure  iron,  or  its  equivalent  in  double  iron  salt,  0*5  gm.  of 
saltpetre,  and  alxnit  60  c.c.  of  strong  hydrocldoric  acid,  are  convenient 
proportions  for  the  analysis. 

Eder  (Z.  a.  C.  xvi.  267)  has  modified  Fresenius'  improvements 
as  follows : — 

1*5  gm.  of  very  thin  iron  wire  is  dissolved  in  30  to  40  c.c.  of  pure  fuming 
hydrochloric  acid,  placed  in  a  retort  of  about  200  c.c.  capacity ;  the  beak  of  the 
retort  points  upwanls,  at  a  moderately  acute  angle,  and  is  connected  with 
a  U-tube,  which  contains  water.  Solution  of  the  iron  is  liastened  by  applying 
a  small  flame  to  the  retort.  Throughout  the  entire  process  a  stream  of  COg  is 
passed  through  the  apparatus.  When  the  iron  is  all  dissolved  the  solution  is 
allowed  to  cool,  the  stream  of  CO^  being  maintained;  the  weighed  quantity  of 
nitrate  contained  in  a  small  glass  tube  (equal  to  about  0'2  gm.  UNO3)  is  then 
quickly  passed  into  the  retort  through  the  neck ;  the  heating  is  continued  under 
the  same  conditions  as  before,  until  the  liquid  assumes  the  colour  of  ferric 
chloride.  The  whole  is  allowed  to  cool  in  a  stream  of  CO3 ;  water  is  added  in 
quantity,  and  the  unoxidized  iron  is  determine<l  by  titration  with  permanganate. 
The  results  are  exceedingly  good. 

If  the  00.2  l>e  generated  in  a  flask,  with  a  tul)e  passing  downwards 
for  the  reception  of  the  acid,  air  always  finds  its  way  into  the  retort, 
and  the  n»sulU  are  unsatisfactory.  p]der  recommends  tlie  use  of 
Kipp*s  CO.j  aj)])aratus.  IW  carrying  out  the  o]>emtion  exactly  as  is 
now  to  be  described,  he  has  obtainotl  very  gcKxl  results  with  ferrous 
sulpliate  in  place  of  chloride. 

The  same  apparatus  is  enjploye<l ;  the  tul)e  through  which  ('O...  enters  the 
retort  |)asses  to  the  bottom  of  the  li(|uid  therein,  and  the  lower  extremity  of  this 
tube  is  drawn  out  to  a  tine  point.  The  bubbles  of  CO.j  art*  thus  rwluced  in  size, 
and  the  whole  of  the  nitric  acid  is  removed  fn)m  the  liquid  by  the  passage  of 
the^  bubbles.  The  ircui  wire  is  dissolved  in  ex<*ess  of  dilute  sulphuric  atud 
(strength  1  :  3  or  1  :  4).  When  the  licjuid  in  the  retort  has  be<K)me  cold, 
a  small  tul)e  containing  the  nitrate  is  quickly  |iassed,  by  means  of  a  piece  of 
platinum  wire  attached  to  it,  thnmgh  the  tubulus  of  tlie  retort,  and  the  cork  is 
replai'ed  before  the  tul)e  lias  touclied  the  liquid;  C(.X.  is  again  i)a«*sed  through 
the  apparatus  for  some  time,  after  which,  by  slightly  loosening  the  cork,  the 
tube  containing  the  nitrate  is  allownl  to  fall  into  the  liquid.  The  whole  is 
allowed  to  remain  at  the  onlinary  tenij>erature  for  alK)ut  an  hour—  this  is 
essential — after  which  time  the  ctuitents  of  the  retort  are  heated  to  l)oiling.  CO3 
being  pa.Msed  continuously  into  the  retort,  and  the  lK)iling  c<mtinued  till  the 
liquid  assumes  the  light  yellow  colour  of  ferric  sulpliate.  After  cooling,  water 
is  added  (this  may  Ix'  omitted  with  bichromate),  and  the  unoxidized  irt>n  is 
determined  by  jK^rnumganate. 

Eder  also  descril>es  a  slight  nunlification  of  this  process,  allowing 
of  the  use  of  a  fla.sk  in  jilace  of  the  retort,  and  of  ammonio-ferrous 
sulphate  in  place  of   iron  wire.      Although  the  titration  with  per- 
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manganate  is  more  trustworthy  when  sulphuric  acid  is  employed  than 
when  hydrocliloric  acid  is  used,  he  nevertheless  thinks  that  the  use  of 
ferrous  chloride  is  generally  to  be  recommended  in  preference  to  that 
of  ferrous  sulphate.  AVTien  the  chloride  is  employed,  no  special 
concentration  of  acid  is  necessary;  the  nitric  oxide  is  more  readily 
expelled  from  the  liquid,  and  tlie  process  is  finished  in  a  shorter 
time.  But  some  magnesium  sulphate  should  be  used  to  prevent  the 
effect  of  HCl  when  permanganate  is  used  for  titration. 

The  final  point  in  the  titration  witli  permanganate,  when  the 
sidphate  is  employed,  is  rendered  more  easy  of  determination  by 
adding  a  little  potassium  sulphate  to  the  liquid. 

(6)  Direct  titration  of  the  resulting  Ferric  salt  by  Stannous 
Chloride. — Fresenius  has  adopted  the  use  of  stannous  chloride 
for  titrating  the  ferric  salt  with  very  good  results. 

The  following  plan  of  procedure  is  recommended  by  the  same 
authority. 

A  solution  of  ferrous  sulphate  is  prepared  by  dissolving  100  gra.  of  the  crystals 
in  500  c.c.  of  hydrochloric  acid  of  spec.  grav.  1*10  ;  when  used  for  the  analysis, 
the  small  proportion  of  ferric  oxide  invariably  present  in  it  is  found  by  titrating 
with  stannous  chloride.  The  nitrate  being  weighed  or  measured,  is  brought 
together  with  60  c.c.  (more  or  less,  according  to  the  quantity  of  nitrate)  of  the 
iron  solution  into  a  long-necked  flask,  through  the  cork  of  which  two  glass  tubes 
are  passed,  one  connected  with  a  CO3  apparatus,  and  reaching  to  the  middle 
of  the  flask,  the  other  simply  an  outlet  for  the  passage  of  the  gas.  When  the 
gas  has  driven  out  all  the  air,  the  flask  is  at  first  gently  heated,  and  eventually 
boiled,  to  dispel  all  the  nitric  oxide.  The  CO2  tube  is  then  rinsed  into  the  flask, 
and  the  liquid,  while  still  boiling  hot,  titrated  for  ferric  chloride,  as  in  §  37. 

The  liquid  must,  however,  be  suffered  to  cool  before  titrating  with 
iodine  for  the  excess  of  stannous  chloride.  While  cooling,  the 
stream  of  COg  shoiUd  still  be  continued.  The  quantity  of  iron 
changed  into  peroxide,  midtiplied  by  the  factor  0*375,  will  give  the 
amount  of  nitric  acid. 

Example  :  (1)  A  solution  of  stannous  chloride  was  used  for  titrating  10  c.c. 
of  solution  of  pure  ferric  chloride  containing  0*215076  gm.  Fe ;  26*65  c.c.  of  tin 
solution  were  required,  therefore  that  quantity  was  equal  to  0*0807  gm.  of 
HNO3,  or  0069131  gm.  of  N2O5. 

(2)  50  c.c.  of  acid  ferrous  sulphate  were  titrated  with  tin  solution  for  ferric 
oxide,  and  0*24  c.c.  was  required. 

(S)     1  c.c.  tin  solution— 3*3  c.c.  iodine  solution. 

(4)    0  2177  gm.  of  pure  nitre  was  boiled,  as  described,  with  50  c.c.  of  the  acid 
ferrous  sulphate,  and  required  4503  c.c.  tin  solution,  and  47  c.c.  iodine — 
4*7  c.c.  iodine  solution  =  1*42  c.c.  SnClj 

The    peroxide  in  the    protosulphate    solution =0*24  c.c. 


1*66 
4503— 1*66  =  43-37,  therefore  25-65  :  0*069131=43*37  :  x,=0*1169  NjOs  instead 
of  01 163,  or  53-69  per  cent,  instead  of  53*41.  A  mean  of  this,  with  three  other 
estimations,  using  variable  proportions  of  tin  and  iron  solutions,  gave  exactly 
53*41  per  cent.  The  process  is  therefore  entirely  satisfactory  in  the  case  of  pure 
materials. 

The  above  process  is  slightly  modified  by  Eder.     About  10  gm.  of 
ammonium-ferrous  sulphate  are  dissolved  in  a  flask,  in  about  50  c.c.  of 
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hydrochloric  acid  (sp.  <»r.  107)  in  a  stream  of  C(.)2.  The.  tube  through 
which  the  COg  enters  is  drawn  to  a  i>oint ;  an  exit  tul)e,  somewhat 
trumpet-shaiHHl,  to  admit  of  any  licjuid  that  may  spirt  finding  its  way 
hack  into  the  flask,  i>asses  downwards  into  water.  Aft<»r  solution  of 
the  double  salt,  the  nitrate  is  drop|)ed  in  with  the  precautions  alniady 
detailed,  and  the  liquid  is  lH>ih»d  until  the  nitric  oxitle  is  all  exjKilled. 
The  hot  liquid  is  diluted  with  twice  its  own  volume  of  water,  excess 
of  stannous  chloride  solution  is  run  in,  the  whole  is  allowexl  to  cool  in 
a  stream  of  C().>,  and  the  excels  of  tin  is  detennined  by  means  of 
standard  iodine. 

(<)  Holland's  Modifloation  of  the 
Pelouze  Process. — The  arrangement  of 
Hpi>aratus  shown  in  fig.  49  obviatt^s  the  use  of 
an  atmosphere  of  H  or  CO2.  a  is  a  long- 
necked  a.ssay  flask  drawn  off  at  u,  so  as  Uy 
form  a  shoulder,  over  which  is  j>assed  a  piece 
of  stout  pure  india-rubber  tube,  n,  alnmt  6 
centimeU^rs  long,  the  other  end  terminating 
in  a  gla.ss  tube,  f,  drawn  off  so  as  to  leave 
only  a  small  orifice.  On  the  elastic  connector 
I)  is  placed  a  screw  clamj).  At  c,  a  distance 
of  3  centimeters  from  the  shoulder,  is  cemented 
FiK.  49.  with  a  l)low-pipe  a  pieces  of  glass  tube  al)Out  2 

c(»ntimeU;rs  h^ng,  surmounted  by  one  of  stout 
elastic  tube  rather  more  than  twice  that  length.  The  ela.stic  tul)e.s 
must  be  securely  attached  to  the  glass  l)y  l)inding  with  wire.  After 
binding,  it  is  as  well  to  turn  the  end  of  the  conductor  back,  and 
smear  the  inner  surfa<*e  with  fused  c^mtchouc,  antl  then  replace  it  to 
render  the  joint  air-tight. 

Method  of  Pbotedubk  :  A  Kmall  fimnel  is  ini*erted  into  the  elastic  tube 
at  c,  the  clamp  at  D  beiii)^  for  the  time  oi)en;  after  the  introduction  of  the 
solution,  followed  by  a  little  water  which  washes  all  into  the  flask,  the  funnel  is 
removed,  and  the  flask  sui)i)orted  by  means  of  the  wooden  clamp,  in  the  inclined 
position  it  occupies  in  the  fij^ure.  The  contents  are  now  made  to  boil  so  as  to 
expel  all  air  and  reduce  the  volume  of  the  fluid  to  about  4  or  5  c.c.  When  this 
pomt  is  rea(."hed  a  piece  of  glass  rod  is  inserted  into  the  elastic  tube  at  c,  which 
causes  the  water  vaiKJur  to  escape  through  F. 

Into  the  small  bt^ker  is  put  about  60  c.c.  of  a  previousl}'  l)oiled  solution  of 
ferrous  sulphate  in  hydrochloric  acid  (the  amount  of  iron  already  existing  as 
persalt  must  be  known). 

The  boiling  is  still  continued  for  a  moment  to  ensure  perfect  expulsion  of  air 
from  F,  the  lauip  is  then  removed,  and  the  caoutchouc  connector  slightly  com- 
pressed with  the  first  finger  and  thumb  of  the  left  hand.  As  the  flask  cools  the 
solution  of  iron  is  drawn  into  it :  when  the  whole  has  nearly  receded  the  elastic 
tube  is  tightly  compressed  with  the  finders,  whilst  the  sides  of  the  beaker  are 
washed  with  a  jet  of  boiled  water,  which  is  also  allowed  to  pass  into  the  flask. 
The  washing  may  be  rei)eated,  taking  care  not  to  dilute  more  than  is  necessary  or 
admit  air.  Whilst  f  is  still  full  of  water,  the  elastic  connector  previously  com- 
pressed with  the  fingers  is  now  securely  closed  with  the  clamp,  the  screw  of 
which  is  worked  with  the  right  liaud.  Provided  the  clamp  is  a  good  one,  F  will 
remain  full  of  vt-ater  during  the  subsequent  digestion  of  the  flask. 

After  heating  in  a  water  bath  at  100°  for  half  an  hour,  the  flask  is  removed 
from  the  water  bath  and  cautiously  heated  with  a  small  flame,  the  fingers  at  the 
same  time  resting  on  the  elastic  connector  at  the  point  nearest  the  shoulder ;  as 
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nitric  acid  in  tobacco,  and  is  especially  suitable  for  that  and  similar 
puq)ose8,  where  the  prei^ence  of  organic  matter  would  interfere  with 
the  direct  titration  of  the  iron  solution.  Where  the  quantity  of 
nitric  acid  is  not  below  0*15  gm.  the  process  is  fairly  accurate,  but 
needs  a  special  and  rather  complicated  arrangement  of  apparatus, 
the  description  of  which  may  bo  found  in  Fresenius*  Qtiant.  Aual.^ 
sixth  etlition. 

An  arrangement  of  apparatus,  di8|)enHing  with  the  use  of  mercury, 
has  been  devised  by  Wildt  and  Scheibe  (Z.  a.  C,  xxiii.  151),  which 
simplifies  the  analysis  and  gives  accurate  results  with  not  less  than 
0*25  gm.  NgOj.  With  smaller  (quantities  the  results  are  too  low. 
Fig.  50  shows  the  a[)paratus  used. 

A  is  a  conical  flask  of  250  c.c.  cajmcity,  containing  the  solution  to 
be  analyzed,  li  is  a  round-))ottome<l  flask  of  250-300  c.c.  cajyacity, 
half  tilled  with  caustic  soda,  t<>  absorb  any  HCl  which  might  l>e 
carried  over  fn)m  A.  C  is  a  conical  flask  of  750  c.c.  cajmcity, 
containing  a  little  water  to  a}>8orb  the  nitric  acid.  I)  is  a  tube, 
containing  water  to  collect  any  nitric  acid  not  absorbed  by  the  water 
in  C.  The  tube  d  is  b(»nt,  as  shown  in  the  diagram,  and  drawn  out  to 
a  point,  to  diminish  the  size  of  the  bubbles.  The  tul)e  e  is  wide,  and 
cut  obli([uely  to  pivvent  water  collecting  and  passing  into  C. 

Method  of  Pbocedube  :  The  clip  h  is  clo9ed  and  c  opened,  and  the  tube  e 
disconnected  from  /.  The  t^olutions  in  A  and  B  are  then  boiled  for  20  minutes 
to  remove  all  oxygen.  The  tubes  e  and  /  are  again  connected,  the  clip  r  is 
closed,  the  flame  under  B  increased  to  prevent  the  liquid  in  C  from  beintf  drawn 
back,  and  the  clip  h  is  opened.  As  soon  as  steam  issues  from  the  tube  a,  it  is 
dipped  into  a  conical  gl***  containing  50  c.c.  of  ferrous  chloride  prepared 
according  to  SchlOsinj^'s  directions,  and  the  flame  under  a  is  removed,  when 
the  ferrous  chloride  enters  the  flask.  The  clip  b  is  regulated  with  the  finger  and 
thumb,  so  as  to  prevent  the  entry  of  air  into  the  flask.  The  conical  vessel  is 
rinsed  two  or  thret*  times  with  ^-ater,  and  this  is  allowed  to  enter  the  flask,  and 
the  clip  b  is  then  closed,  and  the  vessel  A  heated.  Tlie  liquid  in  A  turns  brown 
in  a  short  time,  and  nitric  acid  is  evolved.  The  clip  c  is  opened  slightly  from 
time  to  time  until  the  pressure  is  high  enough,  when  it  is  opened  entirely.  The 
flames  must  be  regulated  so  tliat  a  slow  current  of  gas  bubbles  through  the  water 
in  C.  The  hydrochloric  acid  is  removed  by  the  caustic  soda  in  B,  and  the  nitric 
oxide  on  coming  in  contact  with  the  air  in  C  is  oxidized,  and  the  nitric  acid 
absorbed  by  the  water.  In  case  the  current  of  gas  is  too  rapid,  the  escaping 
nitric  acid  is  absorlH>d  in  D.  After  an  hour  the  tubes  e  and  ^are  disconnected, 
while  the  solutions  in  A  and  U  are  still  boiling,  and  the  nitric  acid  is  titrated 
with  dilute  caustic  soda  (about  \  normal).  The  vessel  C  must  be  well  cooled 
during  the  whole  experiment,  which  occupies  about  an  hour  and  a  lialf. 

Good  results  were  obtaiiHMl  with  nitraU»s  of  potash  and  soda,  both 
alone  and  mixed  with  ammonium  sulphate,  super])h(>splmte,  and  amido 
compounds.  With  super])h()sphate  the  solution  shouhl  be  made 
slightly  alkaline,  to  ])revent  th(»  liberation  of  nitric  acid. 

Warington  (J.  C.  S.  1880,  468)  has  made  a  series  of  experiments 
on  the  original  8c h losing  proces.s,  for  the  jmri^ose  of  testing  its 
accuracy,  when  small  quantities  of  nitric  acid  have  to  be  determined 
in  the  presence  of  organic  substances,  such  for  instance  as  in  soils,  the 
sap  of  beet-root,  etc. ;  but  instead  of  converting  the  nitric  oxide  Imck 
into  nitric  acid  as  in  the  original  method,  he  coHccUmI  tlu^  gas  either 
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over  caustic  soda,  as  recommended  by  Reichardt,  or  over  mercury, 
and  ascertained  its  amount  by  measurement  in  Frankland's  gas 
apparatus.  The  results  obtained  by  Waring  ton  plainly  showed  that 
even  on  the  most  favourable  circumstances  the  method  as  usually 
worked  in  Germany,  either  by  the  alkalimetric  titration  or  by 
measurement  of  the  gas,  invariably  gave  results  much  too  low, 
especially  if  the  quantity  of  nitrate  operated  on  was  small,  say  5 
or  6  centigrams  of  nitre ;  moreover,  when  sugar  or  similar  organic 
substance  was  present  the  resulting  gas  was  very  impure,  and  the 
distillates  were  highly  coloured  from  the  presence  of  some  volatile 
products.  Tlie  nitric  oxide  also  suffered  considerable  diminution  of 
volume,  when  left  for  any  time  in  contact  with  the  distillate, 
especially  when  over  caustic  soda.  This  being  the  case,  the  following 
modification  originally  recommended  by  Sch losing  was  adopted  in 
which  COg  was  emj^loyed,  both  to  assist  in  expelling  the  air  from  the 
apparatus,  and  to  chase  out  the  nitric  oxide  produced. 


Fig.  51. 

The  form  of  apparatus  adopted  byWarington  is  shown  in  fig.  51.  The 
vessel  in  which  the  reaction  takes  place  is  a  small  tubulated  receiver,  the 
tubuhire  of  which  has  been  bent  near  it«  extremity  to  make  a  convenient 
junction  with  the  delivery  tube,  which  dips  into  a  trough  of  mercury  on  the  left. 
The  long  supply  tube  attached  to  the  receiver  is  of  small  bore,  and  is  easily 
filled  by  a  i  c.c.  of  liquid.  The  short  tube  to  the  right  is  also  of  small  bore,  and 
is  connected  by  a  caoutehouc  tube  and  clamp  \^ith  an  apparatus  for  the  con- 
tinuous production  of  carbonic  acid. 

In  using  this  apparatus  the  supply  tube  is  first  filled  with  strong  HCl,  and  COj 
is  passed  through  the  apparatus  till  a  portion  of  the  gas  collected  in  a  jar  over 
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mercury  is  found  to  be  entirely  absorbed  by  caustic  potash.  The  current  of  gas 
is  then  stopped  by  closing  the  clamp  to  the  right.  A  chloride  of  calcium  bath  at 
140°  is  next  brought  under  the  receiver,  which  is  immersed  one-half  or  more  in 
the  hot  fluid ;  the  temperature  of  the  bath  is  maintained  throughout  the  operation 
by  a  gas  burner  placed  beneath  it.  By  allowing  a  few  drops  of  HCl  to  enter  the 
hot  receiver,  the  COj  it  contains  is  almost  entirely  expelled.  A  jar  filled  with 
mercury  is  then  placed  over  the  end  of  the  delivery  tube,  and  all  is  ready  for  the 
commencement  of  a  determination. 

The  nitrate,  which  should  be  in  the  form  of  a  dry  residue  in  a  small  beaker  or 
basin,  is  dissolved  in  about  2  c.c. •of  strong  ferrous  chloride  solution,  1  c.c.  of 
strong  HCl  is  added,  and  the  whole  is  then  introduced  into  the  receiver  through 
the  supply  tube,  being  followed  by  successive  rinsings  with  HCl,  each  rinsing  not 
exceeding  a  i  c.c,  as  the  object  is  to  introduce  as  small  a  bulk  of  liquid  as 
possible.  The  contents  of  the  receiver  are  in  a  few  minutes  boiled  to  dryness ; 
a  little  CO]  is  admitted  before  dryness  is  reached,  and  again  afterwards  to  drive 
over  all  remains  of  nitric  oxide.  If  the  gas  will  not  be  analyzed  till  next  day,  it 
is  advisable  to  use  more  CO.j,  so  as  to  leave  the  nitric  oxide  diluted  with  several 
times  its  volume  of  that  gas.  As  soon  as  one  operation  is  concluded  the  apparatus 
is  ready  for  another  charge. 

This  mode  of  working  presents  tlie  following  advantages  : — 

(1)  The  volume  of  liquid  introduced  into  the  apparatus  is  much  diminished, 
and  with  this  of  course  the  amount  of  dissolved  air  contributed  from 
this  source. 

(2)  By  evaporation  to  dryness  a  complete  reaction  of  the  nitrate  and  ferrous 
chloride,  and  a  perfect  expulsion  of  the  nitric  oxide  formed,  is  as  far  as  possible 
attained. 

(3^  The  nitric  oxide  in  the  collecting  jar  is  left  in  contact  with  a  much 
smaller  volume  of  acid  distillate,  and  its  liability  to  absorption  is  greatly 
diminished  by  its  dilution  with  COj. 

The  results  obtained  with  this  apparatus  by  Warington  on  small  quantities 
of  nitre  alone,  and  mixed  with  variable  quantities  of  ammonium  salts  and  organic 
substances  including  sugar,  showed  a  marked  improvement  upon  the  method  as 
usually  carried  out. 

A  further  improvement  has  been  made  in  this  method  by 
Warington  (/.  C,  S.  1882,  345),  and  descrilxjd  by  him  as 
follows  : — 

The  apparatus  now  employed  is  quite  similar  to  that  shown  in  fig.  51,  with  the 
only  difference  that  the  bulb  retort  in  which  the  reaction  takes  place  is  now  only 
If  inch  in  diameter,  thus  more  exactly  resembling  the  form  employed  by 
Schldsing.  A  bulb  of  this  size  is  sufficient  for  the  analysis  of  soil  extracts; 
for  determinations  of  nitrates  in  vegetable  extracts  a  larger  bulb  is  required. 

The  chief  improvement  consists  in  the  use  of  COj  as  free  as  possible  from 
oxygen.  The  generator  is  formed  of  two  vessels.  The  lower  one  consists  of  a 
bottle  with  a  tubulure  in  the  side  near  the  bottom ;  this  bottle  is  supported  in  an 
inverted  position,  and  contains  the  marble  from  which  the  gas  is  generated.  The 
upper  vessel  consists  of  a  similar  bottle  standing  upright ;  this  contains  the  HCl 
required  to  act  on  the  marble.  The  two  vessels  are  connected  by  a  glass  tube 
passing  from  the  side  tubulure  of  the  upper  vessel  to  the  inverted  mouth  of 
the  lower  vessel  ;  the  acid  from  the  upper  vessel  thus  enters  below  the 
marble.  CO,  is  generated  and  removed  at  pleasure  by  opening  a  stop-cock 
attached  to  the  side  tubulure  of  the  lower  vessel,  thus  allowing  HCl  to 
descend  and  come  in  contact  with  the  marble.  The  fragments  of  marble  used 
have  been  previously  boiled  in  water.    Tlie  boiling  is  conducted  in  a  strong  flask. 

•  SnpposioK  the  ferrous  chloride  to  contain  2  gin.  of  iron  per  10  c.c,  then  1  cc»  of  the 
aolntion  will  be  nearly  equiralent  to  0*12  gni.  of  nitre,  or  00166  k™.  of  nitrogen.  A  oon- 
■iderable  ezceas  of  iron  ahould,  however,  alwaya  be  uteid. 
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After  boiling  has  proceeded  some  time,  a  caoutchouc  stopper  is  fixed  in  the  neck 
of  the  flask,  and  the  flame  removed ;  boiling  will  then  continue  for  some  time  in 
a  partial  vacuum.  The  lower  reservoir  is  nearly  filled  with  the  boiled  marble 
thus  prepared.  The  HCl  has  been  also  well,  boiled,  and  before  it  is  introduced 
into  the  upper  reservoir  it  has  dissolved  in  it  a  moderate  quantity  of  cuprous 
chloride.  As  soon  as  the  acid  has  been  placed  in  the  upper  reservoir  it  is  covered 
by  a  layer  of  oil.  The  apparatus  being  thus  charged  is  at  once  set  in  active  work 
by  opening  the  stop-cock  of  the  marble  reservoir ;  the  acid  descends,  enters  the 
marble  reservoir,  and  the  COo  produced  drives  out  the  air  which  is  necessarily 
present  at  starting.  As  the  acid  reservoir  is  kept  on  a  higher  level  than  the 
marble  reservoir,  the  latter  is  always  under  internal  pressure,  and  leakage  of  air 
from  without  cannot  occur. 

The  presence  of  the  cuprous  chloride  in  the  hydrochloric  acid  not  only  ensures 
the  removal  of  dissolved  oxygen,  but  affords  an  indication  to  the  eye  of  the 
maintenance  of  this  condition.  So  long  as  the  acid  remains  of  an  olive  tint, 
oxygen  will  be  absent-;  but  should  the  acid  become  of  a  clear  blue-green,  it 
is  no  longer  certainly  free  from  oxygen,  and  more  cuprous  chloride  must 
be  added. 

A  further  slight  improvement  adopted  consists  in  the  use  of  freshly-boiled 
reagent*,  which  are  employed  in  as  small  a  quantity  as  possible.  When  boiling 
the  hydrochloric  acid  it  is  well  to  add  a  few  drops  of  ferrous  chloride,  in  order 
more  certainly  to  remove  any  dissolved  oxygen. 

The  mode  of  operation  is  as  follows : — The  apparatus  is  fitted  together,  the  long 
funnel  tube  attached  to  the  bulb  retort  being  filled  with  water.  Connection  is 
made  with  the  glass  stop-cock  of  the  CO2  generator  by  means  of  a  short  stout 
caoutchouc  tube,  provided  with  a  pinch-cock.  The  pinch-cock  being  opened,  the 
stop-cock  is  turned  till  a  moderate  stream  of  bubbles  rises  in  the  mercury  trough ; 
the  stop-cock  is  left  in  this  position,  and  the  admis.sion  of  gas  is  afterwards 
controlled  by  the  pinch-cock,  pressure  on  which  allows  a  few  bubbles  to  pass 
at  a  time.  The  heated  chloride  of  calcium  bath  is  next  raised,  so  that  the 
bulb  retort  is  almost  submerged;  the  temi)erature,  shown  by  a  thermometer 
which  forms  part  of  the  apparatus,  should  be  130-140".  By  boiling  small 
quantities  of  water  or  hydrochloric  acid  in  the  bulb  retort  in  a  stream  of  CO2  the 
air  present  is  expelled ;  the  supply  of  gas  must  l>e  stopped  before  the  boiling  has 
ceased,  so  as  to  leave  little  in  the  retort.  Previous  to  very  delicate  experiments 
it  is  advisable  to  introduce  through  the  funnel  tube  a  small  quantity  of  nitre, 
ferrous  chloride,  and  hydrochloric  acid,  rinsing  the  tube  with  the  latter  reagent ; 
an^  trace  of  oxygen  remaining  in  the  apparatus  is  then  consumed  by  the  nitric 
oxide  formed,  and  after  boiling  to  drjiiess.  and  driving  out  the  nitric  oxide  with 
COj,  the  apparatus  is  in  a  perfect  condition  for  a  quantitative  experiment. 

Soil  extract*  may  be  used  without  other  preparation  than  concentration. 
Vegetable  juices,  which  coagulate  when  heated,  require  to  be  boiled  and  filtered, 
or  else  evaporated  to  a  thin  syrup,  treated  with  alcohol  and  filtered.  A  clear 
solution  being  thus  obtained,  it  is  concentrated  over  a  water  bath  to  the  smallest 
volume,  in  a  beaker  of  smallest  size.  As  soon  as  cool,  it  is  mixed  with  1  c.c.  of  a 
cold  saturated  solution  of  ferrous  chloride  and  1  c.c.  HCl,  both  reagents  having 
been  boiled  and  cooled  immediately  before  use.  In  mixing  with  the  reagente 
care  must  be  taken  that  bubbles  of  air  are  not  entangled ;  this  is  especially  apt  to 
occur  with  viscid  extracts.  The  quantit}^  of  ferrous  chloride  mentioned  is  amply 
sufficient  for  most  soil  extracts,  but  it  is  well  perhaps  to  use  2  c.c.  in  the  first 
experiment  of  a  series ;  the  presence  of  a  considerable  excess  of  ferrous  chloride 
in  the  retort  is  thus  ensured.  With  bulky  vegetable  extracts  more  ferrous 
chloride  should  be  employed ;  to  the  syrup  from  20  gm.  of  mangel  sap  should  be 
added  5  c.c.  of  ferrous  chloride,  and  2  c.c.  of  hydrochloric  acid. 

The  mixture  of  the  extract  with  ferrous  chloride  and  HCl  is  introduced 
through  the  funnel  tube,  and  rinsed  in  with  three  or  four  successive  k  c.c.  of 
HCl.  The  contents  of  the  retort  are  then  boiled  to  dr}'nes8,  a  little  CO.^  being 
from  time  to  time  admitted,  and  a  more  considerable  quantity  used  at  the  end  to 
expel  any  remaining  nitric  oxide.  The  most  convenient  temperature  is  140°, 
but  in  the  case  of  vegetable  extracts  it  is  well  to  commence  at  130**,  as  there  is 
some  risk  of  the  contents  of  the  retort  frothing  over.    The  gas  is  collected  in  a 
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small  jar  over  mercury.  As  soon  as  one  operation  is  completed,  the  jar  is 
replaced  by  another  full  of  mercury,  and  the  apparatus  is  r^y  to  receive  a  fresh 
extract.  A  series  of  five  determinations,  with  all  the  accompannn^^  ^^  analyses, 
may  be  readily  performed  in  one  day.  The  bulb  retort  becomes  encrusted  with 
charcoal  when  extracts  rich  in  organic  matter  are  the  subject  of  analysis ;  it  is 
best  cleaned  first  with  water,  and  then  by  heating  oil  of  vitriol  in  it. 

Mercury,  contrary  to  the  statement  in  most  text-books,  is  gradually  attacked 
by  hydrochloric  acid  in  the  presence  of  air ;  the  mercury  in  the  trough  is  thus 
apt  to  become  covered  with  a  grey  chloride,  and  it  is  quite  necessary  to  keep 
the  store  of  mercury  in  contact  with  sulphuric  acid  to  preserve  its  mobile 
condition. 

The  gas  analysis  is  of  a  simple  character ;  the  ga*<  is  measured  after  absorption 
of  the  CO^  by  potash,  and  again  after  absorption  of  the  nitric  oxide,  tlie  difference 
giving  the  amount  of  this  gas.  For  the  absorption  of  nitric  oxide,  a  saturated 
solution  of  ferrous  chloride  was  for  some  time  employed.  This  method  is  not, 
however,  perfectly  satisfactory  when  the  highest  accuracy  is  re<iuired,  the  nitric 
oxide  being  generally  rather  under  estimated,  except  the  process  of  absorption  is 
repeated  with  a  fresh  portion  of  ferrous  chloride.  The  error  is  greater  in  pro- 
portion to  the  quantity  of  unabsorbe<l  gas  present.  Thus,  with  a  mixture  of 
nitrogen  and  nitric  oxide  containing  little  of  the  former  absorption  of  the  nitric 
oxide  by  successive  treatment  with  oxygen  and  pynigallol  over  potash  showed 
97'S  per  cent,  of  nitric  oxide ;  while  the  same  gas,  analyzed  by  a  single  absorption 
with  ferrous  chloride  (after  potash),  showed  5)7 '5  per  cent,  of  nitric  oxide.  With 
a  mixture  containing  more  nitrogen,  the  oxygen  method  showed  6o*9  yer  cent,  of 
nitric  oxide ;  while  one  absorption  with  fern)us  chloride  gave  64'2  per  cent.,  and 
a  second  absorption,  in  which  the  ferrous  chloride  was  plainly'  discoloured,  66*2 
per  cent.  The  use  of  ferrous  chloride  as  an  absorbent  for  nitric  oxide  has  now 
been  given  up,  and  the  oxygen  method  substituted.  All  the  measurements  of 
the  gas  are  now  made  without  shifting  the  hiboratory  vessel ;  the  conditions  are 
thus  favourable  to  extreme  accuracy. 

The  chief  source  of  error  attending  the  oxygen  process  lies  in  the 
small  quantity  of  carlnmic  oxide  pnxluced  during  the  a])sorption  with 
pyrogallol ;  this  ern^r  ])econies  negligible  if  the  oxygen  is  only  used  in 
small  excess.  The  difficulty  of  using  the  oxygen  in  nicely  regulat«*(l 
quantity  may  be  removed  hy  the  use  of  Bischof's  gas  delivery-tul>e. 
This  may  be  made  of  a  test-tul)e,  having  a  small  perforation  half  an 
inch  from  the  mouth.  The  tube  is  jmrtly  filled  with  oxygen  over 
mercury,  and  its  mouth  is  then  closed  })y  a  finely-perforated  stopper, 
made  from  a  pie<;e  of  wide  tulw,  and  fitted  tightly  into  the  test-tulns 
by  means  of  a  covering  of  caoutchouc.  Wlien  this  tube  is  inclined, 
the  side  j)erforation  l)eing  downwanls,  the  oxygen  is  discharged  in 
small  bu])ble.s  from  the  perforated  stopper,  while  mercury  enters 
through  the  side  opening.  Using  this  tube,  the  supply  of  oxygen  is 
perfectly  under  control,  and  can  \)q  stopped  as  soon  as  a  fresh  })u])hle 
ceases  to  produce  a  red  tinge  in  the  laboratory  ves.sel.  The  trials 
made  with  this  apparatus  have  been  very  satisfactory.  If  nitrites  are 
to  be  estimated  by  this  method,  it  is  necesstiry  first  to  convert  them 
into  nitrate^s,  witli  excess  of  hydrogen  j)eroxide,  which  is  entirely 
destroyed  by  the  subsiMpuiiit  evaj)oration  to  dryness. 

4.    By  the  Kjeldahl  Process. 

By  the  Gunning- J odlbauer  modified  methoil  described  in  §  19 
it  is  now  quite  possible  to  estimate  the  nitrogen  in  commercial  nitrates 
with  great  accuracy  and  very  little  personal  attention, 
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5.    IJlsch's  Method. 

This  is  a  simple  and  ready  plan  of  estimating  alkaline  nitrates  or 
the  amount  of  them  existing  in  manures,  where  there  is  no  salt  of 
ammonia  or  other  form  of  nitrogen.  It  depends  on  the  fact  that  when 
a  nitrate  of  soda  or  potash  is  boiled  with  dilute  sulphuric  acid, 
together  with  iron  reduced  by  hydrogen,  the  nitrogen  becomes  con- 
verted into  ammonium  sulphate,  and  the  ammonia  is  then  distilled  off 
by  boiling  with  caustic  soda  as  in  KjeldahTs  method. 

Method  of  Fbocedube  :  0*6  gm.  of  an  alkaline  nitrate,  dissolved  in  25  c.c. 
of  water,  or  a  volume  of  manure  solution  containing  about  that  quantity,  which 
should  not  measure  more  than  25  or  30  c.c,  is  put  into  about  a  150  c.c.  flask. 
5  gm.  of  reduced  iron  and  20  c.c.  of  dilute  sulphuric  acid  (1*3)  are  then  added, 
and  the  flask  placed  in  an  inclined  position  and  the  reaction  allowed  to  continue 
in  the  cold,  until  effervescence  ceases.  The  mixture  is  then  boiled  for  six  or 
seven  minutes  and  allowed  to  cool.  The  liquid  is  then  transferred  to  a  K  jeldahl 
distilling  flask,  an  excess  of  caustic  soda  with  a  few  pieces  of  zinc  added,  and  the 
ammonia  collected  in  standard  acid  and  titrated  as  usual  in  the  K jeldahl 
process.    The  calculation  into  nitrogen  or  alkaline  nitrate  presents  no  difficulty. 

Some  operators  have  obtained  excessive  results  by  this  method,  owing  to  the 
reduced  iron  containing  some  form  of  nitrogen  or  ammonia.  A  blank  experiment 
should  therefore  be  made  with  the  iron  used  to  find  whether  such  impurity  exists. 
Brandt  found  that  cyanogen  was  the  offending  agent,  and  this  was  removed  by 
ignition  of  the  iron  again  in  hydrogen. 

A  modified  form  of  this  method  applicable  to  mixed  fertilizers 
containing  more  than  one  form  of  nitrogen  has  been  worked  out  by 
Street  with  good  resulti». 

Method  of  Pbocedube  :  1  gm.  of  the  manure  is  placed  in  a  flat-bottomed 
flask  holding  about  half  a  liter  with  about  30  c.c.  of  water,  20  c.c.  of  dilute 
sulphuric  acid  (1  acid  and  1  water)  and  1  gm.  of  reduced  iron,  the  mixture  is 
shaken  and  allowed  to  remain  without  heating  till  effervescence  is  over.  Close 
the  flask  with  a  rubber  stopper  through  which  is  passed  the  stem  of  a  dropping 
tube  holding  about  100  c.c.  of  water.  The  flask  is  then  gradually  heated  up  to 
boiling,  which  is  continued  for  five  or  six  minutes,  then  cooled,  and  about  100  c.c. 
of  the  water  in  the  dropping  tube  run  in.  The  flask  is  then  unstopped,  a  few 
small  pieces  of  solid  paraffin  or  beeswax  (to  prevent  frothing)  and  about  5  gm. 
of  good  caustic  magnesia  are  added,  and  a  i)roper  distillation  tube  connected  with 
the  flask.  Ihe  distillation  is  carried  out  precisely  as  in  the  K jeldahl  method, 
and  the  mixture  must  be  boiled  for  at  least  forty  minutes.  There  must  be  a 
considerable  excess  of  magnesia  in  order  to  insure  good  results,  and  longer  time 
for  distillation  is  necessary,  because  magnesia  is  slower  than  soda  in  developing 
the  ammonia. 

6.    Technical  method  for  the  Pelouze  process  with 
Alkaline  Nitrates  and  Nitrated  Manures, 

Wagner  has  arranged  a  simple  form  of  the  Sch losing  method, 
which  gives  fairly  good  results,  and  permits  of  rapid  working. 

The  following  is  the  slightly  modified  arrangement,  as  adopted  at 
the  Halle  Agiicultuial  Experiment  Station,  for  the  estimation  of 
nitrogen  as  nitrates  in  fertilizers. 

A  250  c.c.  flask  is  fitted  with  a  two-hole  rubber  stopper.  One  hole  carries  an 
ordinary  gas  delivery-tube,  and  the  other  a  thistle  funnel,  having  a  stop-cock 
below  the  funnel.  Ihe  end  of  this  tube  is  narrowed,  and  does  not  quite  reach 
the  liquid  in  the  flask. 
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A  solution  of  200  ^.  of  iron  wire  in  hydrochloric  acid  w  made  and  diluted  to 
1  liter.  50  c.c.  of  this  solution,  and  the  same  quantity  of  10°/o  HCl,  are  placed 
in  the  flask,  and  the  air  expelled  by  boiling.  10  c.c.  of  a  standard  solution  of  pure 
sodium  nitrate,  containing  25  gm.  per  liter,  are  then  placed  in  the  funnel,  and 
allowed  gradually  to  drop  into  the  boiling  solution  of  iron.  A  gas  tube  graduated 
to  100  c.c.  is  filled  with  40'*/o  solution  of  caustic  potash,  and  the  nitric  oxide 
collected  in  the  usual  way.  When  the  nitre  solution  is  nearly  all  dropped 
in,  the  funnel  is  filled  with  10  per  cent.  HCl,  and  run  down  drop  by  drop, 
and  when  no  more  nitric  oxide  is  evolved  the  tube  containing  the  gas  set 
aside  in  a  large  jar  containing  distilled  water.  10  c.c.  of  the  solution  to  be 
tested  are  now  put  into  the  funnel,  taking  care  that  not  more  than  100  c.c. 
of  gas  will  result.  The  gas  is  collected  as  before  in  a  fresh  tube  precisely 
as  in  the  case  of  the  pure  nitrate.  In  this  manner  ten  or  twelve  estimations 
can  be  made  with  the  one  and  the  same  ferrous  solution.  Finally,  a  fresh 
test  is  made  with  standard  nitre  solution  ;  the  readings  of  the  tubes  are 
taken,  and  as  they  will  all  be  of  the  same  temperature  and  pressure  no 
correction  is  necessary,  all  being  allowed  to  cool  to  the  same  point.  The 
comparison  between  the  pure  nitrate  and  the  sample  will  afford  the  calculation. 

Technical  use  of  the  Pelouze  Process  for  Mixed  Manures. 

— Vincent  Edwards  adopts  the .  following  method  for  manures 
containing  nitrates  togetlier  with  ammonia  and  other  matters  (C  N, 
Ixxi.  307).     The  solutions  re<iuired  are  : — 

Standard  j)otassium  bichromate,  14'742  gm.  per  liter.  1  c.c.^ 
0-0085  gm.  NaNOg  or  00101  gm.  KNOg. 

Ferrous  sulphate.  100  gm.  of  crystallized  salt  with  100  c.c.  of 
concentrated  H^^SC  )^  ])er  liter. 

The  exact  working  strength  of  these  two  solutions  in  practice,  is 
found  by  ]M)iling  60  c.c.  of  the  iron  s(»lution  till  it  Ixicomes  thick  in  a 
stout  well  annealed  glass  flask,  preferably  of  Jena  glass,  which  is  fitted 
with  a  Bunsen  valve,  made  by  cutting  the  rubber  tube  with  a  sharp 
razor,  the  glass  tube  to  which  it  is  fitted  passing  through  a  light 
fitting  rubl>er  stoj)per  ;  after  boiling  the  flask  is  set  aside  to  cool, 
then  100  c.c.  or  so  of  water  are  added,  and  the  titration  made  with 
bichromate  in  the  usual  way  with  fresh  solution  of  ferricyanide  as 
indicator. 

Method  of  Procedure  :  10-20  gm.  of  the  nitrated  manure,  according  to  its 
richness,  are  exhausted  with  water  and  the  liquid  made  up  to  200  c.c 

20  c.c.  of  this  solution  are  placed  in  the  boiling  flask  together  with  50  c.c.  of 
the  iron  solution,  the  stopper  with  valve  is  then  inserted,  and  the  mixture  boiled 
until  it  becomes  thick,  and  semi-solid  drops  are  splashed  against  the  sides  of  the 
flask ;  the  flask  is  then  enveloped  in  a  cloth,  and  removed  to  cool ;  when  this  has 
occurred,  100  c.c.  or  so  of  water  are  run  into  the  flask,  well  shaken,  then  titrated 
with  the  bichromate  as  in  the  case  of  the  blank  exfwriment. 

Example  :  The  blank  titration  showed  that  50  c.c.  of  iron  solution  required 
64  c.c.  of  bichromate.  20  c.c.  of  the  manure  solution  =  1  i;^\.  manure  were  treated 
as  above  described,  and  required  31  c.c.  of  bichromate,  therefore  54—31=28  c.c. 
which  multiplied  by  00085=0- 1955  or  19*55 "/^  of  NaNOg  in  the  manure.  The 
manure  was  known  to  be  a  mixture  of  20  7o  of  nitrate  of  soda,  of  955  %  strength, 
with  80  per  cent,  of  an  ammoniacal  guano. 

This  teclmicAl  process  is,  of  course,  chiefly  valuable  where  the 
nitrat<i  is  recpiired  to  Ije  estimated  ajiart  from  the  amnumia. 

7.    Gasometric  estimation  as  Nitric  Oxide. 

Tliis  methoil  of  estimating  nitrogen  existing  as  nitric  and  nitrous 
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4ci<Ls  eilhfrr  s«|jarately  or  t«)gether,  is  an  exceedingly  delicate  one, 
and  cafjable  of  great  accuracy  under  proper  manipulation. 

It  is  now  best  known  as  the  Crum-Frankland  method,  the 
original  idea  emanating  fn>m  Crum,  and  afterwards  improved  in 
detail  of  manifjulation  by  Frank  land  and  Armstrong  in  their 
methoil  of  water  analysis. 

S«>  far  as  the  use  of  the  meth«jd  for  water  analysis  is  concerned,  the 
ppr-*ess  is  given  in  Part  VL,  where  the  shaking  tube  which  is  used  for 
the  deci>mf*jsition  «>f  the  nitrogen  compounds  by  mercury  and 
sulphuric  acid  is  ligur^i.  and  the  details  of  the  process  as  applied  to 
water?  fnllv  des-:ril*d- 

« 

Hie  meth*:*!  th«rre  given,  however,  requires  the  use  of  a  gas 
ap»{:«iatus.  This  meth«:id  obviates  that  necessity,  and  though  the 
rp^suits  cann':4  }*^  said  lo  he  absolutely  as  e3[act,  they  are  very  satis- 
f*.-t#.'rir  for  >  -mr  J•urp•>^^:^  such  as  the  examination  of  nitrous  vitriol, 
raw  i^'mmenrial  uiiraiei^  manures,  etc. 

Thv  a:»iAiari-  ^i^*^\  is  Lunge's  nitrometer,  a  figure  of  wliich  is 
given  in  the  5^?tiMn  ♦.•n  technical  sas  analysis,  accompanied  with  a 
descri[«ti"n  of  the  m^thv^i  of  using  it.  The  application  of  the  instru- 
ment to  ih»f  fTf.tiniati*»n  f'f  nitrt^us  and  nitric  acids  in  vitriol  and  other 
sulislan'-v>  i<  •=-xi^laineil  in  the  same  section. 

TLr  V.  .I-,:nir  ■  -1  ih«r  liitric  ^.^xide  obtained  can  be  read  off  to  ^  c.c ; 
i:  is  r»r*lu.;r^i  by  Bunsirn's  table*  to  0"  and  760  m.m.,  and  the 
[•E-r.rr.tA^T  f  :hv  i-i-id  rTilt.-uIaietl  fn>m  it.  Each  c.c.  of  NO,  measured 
a:  0'  Ai.-i  7»>«."»  m-n...  o.:'nvsj««n«ls  u*  1-343  m.gm.  NO,  or  1*701  m.gm. 
X,« ».,  T  2-417  r.:. --.  N  J  ».,.  -r  4521  KSn^  or  3*805  m.gm.  NaXOy 
F»v  :L:-  ir* •j^rsi^  of  o  -'.live,  nitric  and  nitrc»us  acids  cannot  be  dis- 
::r..r->:.^L  ?•=::  ai^  always  i-stimated  t<:igether. 

Tr.r  T-rinoij'Ir  "f  the  !vaoti«>n  is  expilaiue«l  in  the  section  on  Water 
AiiAl\>:<  •ELsrimation  of  Nitrates  and  Nitrites),  and  the  satisfactorv 
narirv  >f  tiie  cieth-d  for  \itTiol-testing  has  l:«een  amply  demonstrated 
bv  Wa;is^  bv  r»avis  iC.  X.  xxxviL  45 1,  and  manv  others.  The 
insmmen:  ::self  has  Vieen  made  in  several  moditieil  ways,  but  the 
;'riiiv;:Ir  of  its  o>nstracrion  is  the  same. 

A  Urn  xA'mI'J^  v.  ISl  I  reciLimmemis  the  use  of  this  instrument  for 

m 

;:.r  T^:::::ii:' -r.  of  nitrates  and  nitrites  in  water  residues  ;  and  to 
v':Y:.i:n.^  :hr  d:^.:-::lTv  in  n^adinir  the  volume  which  sometimes  arises 
fr  :::  ::.r  nirrjurlil  ir>::h*  he  ;4^es  two  nitr*>nieters  side  by  side,  in  one 
:  ''T..:.^  :>  w  :kx\i  s  i'*.:re  stanilan.!  nitrate  solution,  and  in  the  other 
:L:  ::..i:cr:Al  f  r  analysis  under  precisely  the  same  conditions  of 
:?::::-.  r.ir.irv.  :«r^ss:iiv,  etc.  If  the  apparatus  containing  the  com- 
:i»ri:;vr  :<->:  is  frvr'  fr>m  leakage,  it  may  be  retained  for  a  long  period 
x^r  :::•-  :'"r>>?^  of  vvmjiarison. 

8.    Colorimetric  Methods. 

Phenolsulphonic  Acid  Method  (Sprengel).— This  method 
is  4ppl:v^t»!e  chiefly  to  waters  where  only  small  proportions  of  nitric 
aoi.i  or  r.iirates  are  to  be  estimate^l,  nitrites  are  not  affected  by  it. 
The  :!^»luii\Mis  i>?quir^i  art^ — 
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Stanilarrl  j)otassiuin  nitrate. — 0*722  gni.  of  KNO3  is  diasolved  in  a 
liter  of  water.  1  e.c.  of  this  solution :=1  m.gin.  of  N,  or  one  part  N 
in  100,000.  100  e.c.  of  it  .should  be  diluted  to  a  liter  for  use  in  the 
actual  analysis,  and  10  e.c.  taken=Y\f  m.gin.,  to  avoid  the  })ossible 
error  resulting  fnmi  measuring  only  1  e.c. 

Phenol8ulj)honic  acid. — 18  gni.  of  pure  crystallized  phenol  are 
mixed  with  9  e.c.  of  distilled  water.  111  e.c.  of  pure  concentrated 
sulphuric  acid  are  then  adde<l  and  thoroughly  mixeil.  \Mien  cold  the 
liquid  is  transferred  to  close-stoppered  bottle.  The  solution  is  then 
ready  for  use. 

Method  of  Pbocedure  :  10  cc.  of  the  water  under  examination  and  10  c.c 
of  the  fltandard  potafwium  nitrate  are  pipetted  into  two  Rniall  beakere  and  placed  near 
the  ed^re  of  a  hot  plate.  When  nearly  evaporated  they  are  removed  to  the  top  of 
the  water-oven  and  left  there  till  they  are  evaporated  to  complete  drynew.  As 
this  operation  iLHiially  takes  about  an  hour  and  a  half,  it  is  better,  when  time  is 
an  object,  to  evaimrate  to  dr^niewt  in  a  platinum  dish  over  steam.  The  residue  in 
each  case  is  then  treat^nl  with  1  c.c.  of  the  {>henolsulphonic  acid,  and  the  beakers 
are  placed  on  the  top  of  tlu*  water-oven.  If  the  water  under  examination  contain 
a  large  quantity  of  nitrates  the  liquid  s{>eedily  assumes  a  red  colour,  which,  in  a 
good  water,  wifl  not  appear  for  al)out  ten  minutes.  After  standing  for  fifteen 
minutes  the  beakers  an*  removed,  the  contents  of  each  washed  out  successively 
into  a  100  c.c.  measuring  glass,  a  slight  excess  (about  20  c.c.  of  OiM5)  of  ammonia 
added,  the  100  c.c.  made  up  by  the  addition  of  water,  and  the  yellow  liquid 
transferred  to  a  Nessler  glass.  The  more  strongly  coloured  liquid  is  then 
partly  transferred  to  the  measuring  glass  again  and  the  tints  compared  a  second 
time.  In  this  way  the  tints  are  adjusted,  and  when,  as  far  as  i>ossible,  matched, 
the  liquid  tliat  has  btH'ii  partially  removwi  is  made  up  to  the  100  c.c.  mark  with 
water,  and,  after  well  mixing,  finally  comjMired.  If  not  exactly  the  same,  a  new 
liquid  can  at  once  l>e  made  up,  probably  of  exactly  the  same  tint,  as  the  first 
experiment  gives  very  nearly  the  number  of  c.c.  of  the  one  equivalent  to  the  100 
c.c.  of  the  other.  A.  E.  Johnson  in  his  very  useful  Analif*t'»  Lahoratortf 
CompanioH  (p.  50)  lias  given  a  table  for  obtaining  the  nitrogen  in  partn  per 
100,000,  an<l  also  in  grains  per  gallon,  by  this  method. 

In  the  case  of  very  goo<l  waters,  20,  50,  or  more  c.c.  should  be  evajwrated  to  a 
small  bulk,  rinst^d  into  a  small  l)eaker,  and  evai)orated  to  dryness  and  treated  as 
above— only  5  c.c.  of  the  standard  jKitassium  nitrate  (=0*5  N  in  100,000)  being 
taken.  In  the  caw*  of  very  ImmI  waters,  10  c.c.  should  be  pi|>etted  into  a  1(X)  c.c. 
measuring  flask  and  ina<le  up  to  the  mark  with  distilled  water,  then  10  c.c.  of  the 
well  mixed  liquid  ( =•  1  c.c.  original  water)  withdrawn  and  treated  as  above. 

The  reaction  whiili  takes  place  results  in  the  production  of 
amnioniuni  j)icrate,  which  gives  a  very  distinctive  yellow  colour,  the 
reaction  Inking 

C^H^(  )ns(  ),H  4-  :U1N().,=LVH,(N( ).J.,( )H  +  n.,S( )^  +  211./ ). 

A.  H.  (rill  {Tei'h.  Quarterhj  vii.  1894,  55-62)  has  studied  this 
nietluMl,  and  siiys  : — Tin*  phen(»lsul])honic  acid  used  should  l)e  the 
pure  disuli»lionic  acid  (C,.H.,  (<-)H)  SO.JI.^),  which,  with  nitric  acid, 
gives  j)icric  acid  even  in  the  cold  (Kekule,  Lehrhneh  iii.  236).  To 
prepare  it  3  gni.  of  pure  ]>hcnol  and  'M  gni.  (20*1  v.v.)  of  pure 
sulphuric  acid  of  1*84  s[i.  gr.  are  mixed  in  a  tlask  and  heated  for  six 
hours  to  100  in  a  water  bath.  The  acid,  as  thus  j)rej>ared,  may 
crystiillize  out  on  staiuling,  but  may  be  brought  into  solution  agjiiii  by 
reheating  for  a  short  time. 

Method  of  Procedure:  Tlie  author  takes  1  or  2  c.c.  of  the  water  (diluted 
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if  necessary),  containing  about  00007  m.gm.  of  nitrogen  as  nitrate,  and  rapidly 
evaporates  over  a  steam  bath,  in  a  2^  inch  porcelain  disn,  the  dish  being  removed 
Bs  soon  as  dry,  or,  preferably,  when  just  a  drop  remains.  With  "  ground  waters," 
10  c.c.  of  a  portion  which  has  been  decolorized  by  alumina  in  the  cold  are 
evaporated.  The  residue  is  treated  in  the  dish  with  enough  of  the  acid  to  cover 
it,  10  drops  (=0*7  c.c.)  being  usually  sufficient,  and  by  stirring  with  a  glass  rod 
every  part  of  the  residue  is  moistened.  Seven  c.c.  of  water  are  aidded  and  stirred, 
and  then  ammonia  in  excess,  and  the  solution  again  stirred.  The  colour  is 
compared  T^ith  the  standard,  either  in  a  similar  dish,  or  both  are  x)oured  into 
tub^  If  inch  deep  and  f  inch  internal  diameter. 

The  standard  solution  of  potassium  nitrate  is  made  by  dissolving  0*7216  gm. 
KNO3  in  water,  diluting  to  1  liter,  evaporating  10  c.c.  in  vacuS  over  sulphuric 
acid,  treating  the  residue  with  phenolsulphonic  acid,  as  above,  and  diluting  to 
1  liter.  One  c.c.  of  this  solution  contains  0*001  m.grm.  nitrogen.  A  measured 
volume  of  it  is  made  alkaline  with  anunonia  as  required. 

The  author  concludes  from  his  experiments  that : — 

1.  The  pure  disulphonic  acid  gives  the  best  results. 

2.  No  advantage  is  gained  by  treating  the  water  residue  with  the  acid  at  100°, 
as  Sprengel  directs ;  equally  good  results  are  obtained  in  the  cold ;  but  if  the 
temperature  be  as  low  as  0**,  decidedly  low  results  are  obtained. 

3.  The  amount  of  acid  used  makes  very  little  difference  so  long  as  there  is 
enough  used. 

4.  There  is  a  loss  of  nitrogen  during  evaporation,  which  is  least  if  the 
evax)oration  takes  place  in  vacuS  over  sulphuric  acid,  or  rapidly  in  an  open  dish 
at  100° ;  slower  evaporation,  at  65*^,  caused  more  loss,  and  the  dry  residues,  if 
further  heated,  lose  nitrogen.  The  addition  of  sodium  carbonate  does  not 
prevent  the  loss. 

5.  Chlorine  does  not  interfere  if  less  than  two  parts  per  100,000  be  present ; 
if  more  be  present,  evaporation  should  be  conducted  in  vacud;  but  if  the  chlorine 
exceed  seven  parts  per  100,000  it  should  be  removed  by  pure  silver  sulphate 
before  evaporation. 

6.  In  comparing  the  colours  the  most  accurate  estimations  are  made  when 
the  intensity  of  the  colour  does  not  exceed  that  produced  by  1  c.c.  of  a  water 
containing  about  005  part  nitrogen  per  100,000.  The  colour  produced  by  0*10 
part  per  100,000  is  very  difficult  to  match  accurately. 

7.  The  process  does  not  estimate  the  nitrogen  as  nitrite,  as  the  action  of 
nitrous  acid  results  in  the  formation  of  nitrosophenol  C5H4  (NO)  (OH),  which 
is  colourless  in  dilute  solutions. 

Other  special  methods  for  the  estimation  of  nitrates  and  nitrites  in 
water  will  be  given  in  the  section  on  Water  Analysis. 

NITRITES. 

1.    lodometric  Method. 

Duns  tan  and  Dymond  (Pharm.  Joum.  [3]  xix.  741)  have  deWsed 
a  method  for  the  estimation  of  NgOg  in  organic  and  inorganic  com- 
bination  which  is  both  simple  in  operation  and  accurate  in  results. 
The  authors  point  out  that  although  the  inorganic  nitrites  may  ])e 
accurately  analyzed  by  gasometric  methods,  or  by  permanganate,  it  is 
impossible  to  use  such  methods  for  the  organic  compounds  or  their 
alcoholic  solutions.  The  reaction  upon  which  the  method  depends  is 
not  new,  being  based  on  the  followuig  equation — 

2HI  +  2HNO2  =  2H2O  +  2N0  + 12. 

The  liberated  iodine  is  titrated  with  ^/jq  thiosulphate  in  the  usual 
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way.     The  chief  merit  in  tlie  process  is  the  simple  form  of  apparatus 
used,  and  wliich  is  shewn  in  tig.  52. 

A  stout  glass  flask,  liaving  a  cajmcity  of  about  100  c.c,  is  closed  by 
a  tightly  fitting  rul)l)er  stop[)or,  through  which  passes  a  piece  of  rather 

wide  glass  tubing  (C),  one  end  of  which  (that 
within  the  flask)  is  cut  ott*  obliquely,  so  that 
liciuid  may  flow  freely  through  it.  The  other 
end  of  the  tube  is  connectetl  by  means  of  a  piece 
of  thick  rubl)er  tubing  with  a  large  glass  tube, 
which  forms  a  lipped  funnel  (A).  A  steel  screw 
clamp  (B)  regulates  communication  l^etween  the 
funnel  and  the  tulnj,  and  the  short  interval  of 
rubber  which  is  not  occupied  by  glass  tubing 
forms  a  hinge  upon  which  the  flask  may  be 
moved  into  a  position  at  right-angles  to  the 
funnel,  in  ortler  to  mix  by  agitation  the  liquids 
which  are  introduces!  into  the  a[)i)aratus.  The 
a])sence  of  any  leak  in  the  apj>aratus  is  ascertained 
by  boiling  alxmt  50  c.c.  of  wat(»r  in  the  flask  until 
steam  has  continuously  issued  from  the  funnel  for 
some  few  minute^*,  when  the  screw  clip  is  cjuickly 
closed  an<l  simultaneously  the  source  of  heat  is 
rcmoved.  A  little  water  is  now  j)laced  in  the 
funnel  and  the  flask  is  cooled  l)y  immersion  in 
wat<ir.  On  sliarply  inverting  the  flask  the 
"  click "  of  the  water  against  the  airless  flask 
should  be  quite  distinct.  No  water  should  l)e 
drawn  from  the  funnel  or  from  any  of  the  joints 
into  the  flask,  and  no  diminution  in  the  intensity 
of  the  "click"  should  be  olwerveil  after  the 
api>aratus  has  been  standing,  neither  when  the 
flask  is  inverted  and  the  funnel  empty  should 
any  bul)bles  of  air  jmss  through  into  the  liquid. 
Having  thus  proved  the  a])sence  of  any  leak  in 
the  api)aratus,  it  is  ready  for  use.  The  flask  is 
now  free  from  all  but  mere  tmces  of  oxygen.  A 
conclusive  proof  of  this  is  obtained  by  boiling  in 
the  flask  a  solution  of  potassium  iodide,  acidified 
with  diluted  sulphuric  acid,  and  then,  after  the  closed  flask  has  been 
cooled,  the  funnel  removed  and  its  place  taken  by  a  smaller  glass  tube 
filled  with  air-free  water,  the  api)aratu8  is  connected  with  a  reservoir 
of  pure  nitric  oxide.  Wlien  the  clamp  is  unscnjwed  nitric  oxide  is 
drawn  into  the  flask,  and  should  any  oxygen  })e  j)resent  nitrous  acid 
will  be  produced,  and  consequently  iodine  will  be  set  free.  This 
experiment  has  often  been  made  by  the  authors,  who  have  failed  to 
observe  any  but  an  insignificant  trace  of  liberated  iodine. 

Method  of  Pbocedube  :  5  c.c.  of  a  10  per  c^nt.  solution  of  potassium  iodide, 
5  c.c.  of  a  10  per  cent,  solution  of  sulphuric  acid,  and  40  c.c.  of  w-ater  are 
introduced  into  the  flask,  which  is  securely  fitted  with  the  cork  carrying  the 
funnel  and  tube.    The  screw  clip  being  open,  and  a  free  p!^«»sage  left  for  the 
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escape  of  steam,  the  liquid  is  boiled.  After  a  few  minutes,  when  any  iodine 
which  may  have  been  liberated  has  been  expelled,  and  the  upper  part  of  the 
flask  is  completely  filled  with  steam,  which  is  also  freely  issuing  from  the 
funnel,  the  clip  is  tightly  closed,  and  at  the  same  moment  the  source  of  heat 
is  removed.  A  little  water  is  now  put  into  the  funnel,  and  also  on  the  rim  of  the 
flask,  as  a  safeguard  against  a  possible  minute  leakage,  and  the  vessel  is  cooled,  by 
immersion  in  water*  A  solution  containing  a  known  weight  of  the  nitrite 
(equivalent  to  about  0*1  gm.  of  nitrous  acid)  is  placed  in  the  funnel,  and  slowly 
drawn  into  the  flask  by  cautiously  unscrewing  the  clip.  The  liquid  which 
adheres  to  the  funnel  is  washed  into  the  flask  with  recently  boiled  and  air-free 
water,  care  being  taken  that  during  this  operation  no  air  is  admitted  into  the 
flask.  When  experiments  are  being  made  with  organic  nitrites  which  are 
insoluble  in  water,  they  are  dissolved  in  alcohol,  and  alcohol  is  also  used  to  wash 
the  funnel.  When  the  nitrite  is  very  volatile,  a  little  cold  alcohol  should  be  put 
in  the  funnel,  and  the  point  of  the  pipette  containing  the  nitrite  should  be  held 
at  the  bottom  of  the  funnel  beneath  the  alcohol,  and  the  liquid  quickly  drawn 
from  the  pipette  into  the  flask.  The  nitrate  having  been  introduced,  the  flask  is 
well  shaken  and  the  liberated  iodine  is  titrated  with  a  standard  solution  of 
thiosulphate,  small  quantities  of  which  are  delivered  from  a  burette  into  the 
funnel  and  gradually  drawn  into  the  flask ;  the  screw  clip  renders  it  quite  easy  to 
admit  minute  quantities  of  the  solution.  As  soon  as  the  iodine  is  decolorized  any 
standard  solution  remaining  in  the  funnel  is  returned  to  the  burette.  Or  the 
funnel  may,  before  the  titration  is  commenced,  be  replaced  by  the  burette  itself, 
and  the  standard  solution  delivered  direct  into  the  flask.  Starch  may  be  used  as 
an  indicator,  but  it  is  usually  quite  easy  to  observe  the  complete  disappearance  of 
the  yellow  colour  of  the  dissolved  iodine.  From  the  volume  of  the  standard 
solution  used,  the  amount  of  nitrous  acid  is  calculated  from  the  equation 
before  given. 

It  is  obvious  that  the  apparatus  might  be  improved  in  several 
respects,  as  for  example,  by  constructing  it  entirely  of  glass,  with  a 
ground  stopper  and  tap,  as  well  as  by  the  use  of  a  graduated  funnel  to 
deliver  the  standard  solution,  and  also  in  other  ways. 

The  authors  quote  numerous  experiments,  comparing  the  method 
with  careful  estimations  of  sodium  and  ethyl  nitrites  gasometrically, 
shewing  excellent  results. 

As  a  further  test  of  the  accuracy  of  the  process,  experiments  were 
made  with  various  organic  nitrites  of  known  purity.  In  each  instance 
a  solution  of  the  nitrite  was  made  by  weight,  and  a  weighed  quantity 
was  used  for  the  estimation.  To  prevent  any  loss  of  these  volatile 
nitrite^s  the  experiments  were  conducted  in  the  following  manner : — A 
well-stopi^ered  bottle  half  filled  with  the  alcohol  corresponding  to  the 
nitrite*  to  be  estimated  was  weighed.  Sufficient  of  the  nitrite  was  now 
introduced  by  means  of  a  pipette  to  constitute  approximately  a  2  per 
(•ent.  solution,  and  tli(i  liqui<l  again  weighed.  The  exact  strength  of 
the  solution  having  lieen  thus  determined,  the  contents  of  the  bottle 
were  well  mixed,  and  the  neck  and  stopper  of  the  bottle  dried.  The 
bottle  was  now  re-weighed,  and  about  2  c.c.  of  the  solution  removed 
by  a  pipette,  care  being  taken  not  to  wet  the  neck  of  the  bottle.  The 
liquid  having  been  introduced  into  the  flask  without  exposure  to  air, 
in  the  manner  wliich  has  been  previously  described,  the  bottle  con- 

•  The  correHX>ondiiijr  alcohol  was  employed  to  prevent  loss  cousequeut  on  the  occurrence 
of  a  reverse  chemical  chang-e,  which  takes  place  when  a  lower  homologous  alcohol  is  mixed 
with  the  nitrite  corresponding  to  a  hisrher  homologous  alcohol ;  for  example,  a  solution  of 
am^'l  nitrite  in  ethyl  alcohol  soon  becomes  a  solution  of  ethyl  nitrite  in  amyl  alcohol,  from 
which  the  ethyl  nitrite  rapidly  volatilizes. 
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taining  the  solution  was  again  weigheil.      The  rcHults  obtained  with 
ethyl  nitrite  were  : — 

Taken.  Found. 

0088  gm.  0089  gm. 

0176    „  0179    „ 

0113    „  0115    „ 

2.    Analysis  of  Alkaline  Nitrites  by  Permanganate. 

Kinnicutt  and  Nef  have  devised  the  following  method,  and  it 
gives  goo(i  results  if  carefully  managed. 

The  sample  of  nitrite  is  di8i*olved  in  cold  water  in  the  proportion  of  about  1  to 
800:  to  this  liquid  ^/lo  permanganate  is  added  drop  by  drop,  till  it  has  a  per- 
manent red  colour ;  then  2  or  3  drops  of  dilute  H)S04,  and  immediately 
afterwards  a  known  excess  of  the  permanganate.  The  liquid,  which  should  now 
be  of  a  dark  red  colour,  is  strongly  acidifi^  with  pure  H38O4,  heated  to  boiling, 
and  the  excess  of  permanganate  determined  by  means  of  freshly  prepared  */io 
oxalic  acid.     1  c.c.  permanganate =000345  gm.  NaNOj,  or  0*00425  gm.  KNOj. 

Of  course  there  must  l)e  no  other  reducing  substance  than  the 
nitrite  present  in  the  material  examined,  and,  to  ensure  accuracy, 
a  blank  exi>eriment  should  1m»  made  with  the  like  proj)ortions  of 
HjSO^  and  oxalic  acid. 

3.    Q-asometric  Method. 

P.  Frank  land  («/.  C,  IS.  liii.  364)  adoi)ts  this  method  for  the 
estimation  of  nitrous  acid  in  small  quantity,  but  too  large  for 
colorimetric  estinuition,  and  where  also  ammonia,  organic  matters, 
and  nitrates  may  co-exist.  It  is  l)ased  on  the  fact  that  when 
nitrous  aciil,  togetlier  witli  exc«*ss  of  urea,  is  mixed  with  sulphuric 
acid  in  the  cold,  the  reaction  is 

2C0(NII.,).,  +  NjC  \  =  CO(NH^(  ))a  +  CO^  +  2N2. 

The  decomi)Ositi()n  is  nuule  in  the  C  rum-Frank  land  shaking  tube, 
described  and  figured  in  I^art  VI.,  and  the  evolvcid  nitrogen  gas 
measured  in  the  usual  gas  aj>j)aratus.  The  ordinary  nitrometer  may 
also  l)e  used  for  larger  cpiantities  of  NOg  by  the  same  metluxl. 

In  the  case  of  an  ordinary  alkali  nitrite,  the  dry  substance,  or  its 
solution  evaiM)rat(?d  to  dryness,  is  mixed  with  excels  of  crystallized 
urea,  and  dissr>lved  in  about  2  c.c.  of  boiling  water  in  a  l)eaker,  then 
transferred,  with  the  rinsings,  to  the  cup  of  the  apjwiratus,  and  passed 
into  the  tu}>e.  A  few  (-.c.  of  dilute  sulphuric  acid  (1  :  5)  are  then 
j)assed  in.  A  vigorous  evolution  of  gas  takes  place,  and  continues  for 
some  tive  minutes  ;  the  gas  is  a  mixture  of  nitrogen  and  carlwnic 
anhydride.  The  decomposition  is  completer  in  fifteen  minutes.  A 
solution  of  pure  sodium  hydrate  (1  :  3)  is  now  added  through  the 
cup,  and  the  mixture  violently  shaken,  until  the  COg  is  absorlKMl. 
The  gas  and  liquid  are  then  transferred,  by  means  of  another  mercury 
trough,  to  the  laboratory  vessel,  and  the  gas,  which  is  double  the 
volume  of  the  N  existing  as  NgOg,  measured  in  a  gas  a])i>aratus,  and 
its  weight  calculated  in  the  usual  way. 
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Example:  A  solution  of  sodium  nitrite  was  made  and  standardized  with 
permanganate,  the  result  being  that  10  c.c.»0'01346  gm.  N.  10  c.c.  of  the  same 
solution  were  eYax)orated  to  dryness  in  a  small  beaker,  about  0*2  gm.  of  urea 
added,  the  whole  dissolved  in  2  c.c.  of  hot  water,  which,  with  the  rinsings,  were 
transferred  through  the  cup  into  the  tube,  treated  with  sulphuric  acid  and 
caustic  soda,  then  transferred  to  the  gas  apparatus  with  the  following  results  : — 
Volume  of  N,  18*79  c.c. ;  mercurial  pressure,  127*5  m.m. ;  temperature,  17'7''  C. 
The  weight  of  N  thus  found,  after  the  necessary  corrections,  was  0*01346  gm. 

The  Crum-F rank  land  mercury  method,  described  in  the  section 
on  Water  Analysis,  and  in  which  the  same  shaking  tube  is  used,  does 
not  distinguish  between  nitric  and  nitrous  nitrogen ;  but  P.  Frankland 
required  a  method  for  the  estimation  of  nitrous  acid  in  a  mixture  of 
nitrates,  peptones,  sugar,  and  various  salts  occurring  in  a  solution  used 
for  cultivation  of  micro-organisms,  and.  the  experiments  carried  out  by 
him  showed  that  when  such  a  mixture  was  evaporated  to  dryness  the 
loss  of  HNOg  was  considerable,  and  the  results  came  out  much  too 
low.  Further  experiment,  however,  showed  that  the  addition  of  a 
slight  excess  of  caustic  potash  during  evaporation  prevented  the  loss 
of  any  HNOg ;  and  on  the  other  hand  the  addition  of  a  slight  excess 
of  ammonium  chloride  entirely  destroyed  it.  Therefore  })y  a  combi- 
nation of  the  mercury  and  the  urea  methods,  the  estimation  of  nitric 
and  nitrous  acids  may  be  satisfactorily  accomplished,  the  destruction 
of  the  IINOg  on  the  one  hand  being  effected  by  excess  of  HN^Cl, 
whilst  on  the  other  hand  all  loss  of  HNOg  may  be  avoided  by 
evaporation  with  caustic  alkali.  The  mode  of  procedure  has  the 
advantage  over  all  differential  methods,  in  tliat  each  acid  is  determined 
individually  and  independently  of  the  other. 

4.    Mixtures  of  Nitrites  with  Alkaline  Sulphites  and 

Thiosulphates. 

Lunge  and  Smith  (/.  S.  C,  /.  ii.  465)  have  shown  that  the  only 
satisfactory  method  of  completely  oxidizing  sulpliites  and  tliiosulphates 
by  permanganate  is  to  add  to  the  solution  a  large  excess  of  per- 
manganate, more  than  sufficient  for  complete  oxidation,  and  with 
formation  of  MnOg.  Excess  of  FeS04  is  then  added,  and  again 
permanganate  till  pink.  AVhen  such  a  mixture  contains  nitrites,  they 
will  of  course  be  oxidized  to  nitrates. 

To  find  the  amount  of  nitrites  present,  therefore,  the  following 
plan  is  adopted  : — 

Method  of  Procedure  :  The  solution  of  the  substance  in  not  too  large 
quantity  is  exactly  oxidized  as  described,  a  known  volume  of  standard  ferrous 
siilphate  is  added,  together  with  a  large  excess  of  strong  H2SO4.  The  mixture  is 
boiled  nearly  to  dryness  in  a  flask  with  slit  valve,  dilut^,  and,  when  cool,  titrated 
with  permanganate.  The  difference  between  the  volume  then  required  and  that 
required  by  the  original  Ye^^O^y  represents  the  nitric  acid  which  has  been 
reduced  and  escaped  as  NO. 

The  exceedingly  delicate  colorimetric  method  of  estimating  nitrites 
originally  devised  by  Griess,  and  improved  by  others,  will  l)e 
described  in  the  section  on  Water  Analysis. 
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OXYGEN. 

0=16. 

§  72.  The  volumetric  determination  of  the  dissolved  oxygen  in 
Tvater  is  an  operation  of  some  importance  in  water  analysis.  It  is 
ivell  known  that  organic  and  bacterial  contamination  generally  exist 
side  by  side ;  the  organic  matter  offering  a  suitable  nidus  for  the 
growth  of  bacterial  life.  Water  thus  contaminated  is  de-oxygenated 
by  the  living  organisms,  which  consume  oxygen  during  their  growth  ; 
hence  the  importance  of  the  estimation  of  dissolved  oxygen  in 
water,  as  a  means  of  ascertaining  the  co-existence  of  the  two  kinds 
•of  impurity. 

In  brewing  also  a  knowledge  of  the  state  of  aeration  of  the  wort 
is  sometimes  of  importance,  especially  at  the  fermentation  stage  of 
the  process. 

Several  methcnls  have  been  proposed  for  carrying  out  the  estimation. 
Mohr's  method,  depending  on  the  oxidation  of  ferrous  comjKDunds, 
with  subsequent  titration  by  permanganate,  has  not  come  greatly  into 
use.  Winkler  (Denclitey  1888,  2851)  has  quite  recently  proposed 
to  take  advantage  of  the  oxidation  of  manganous  hydroxide*  l)y 
dissolved  oxygen,  the  higher  oxide  formed  being  decomposed  ])y 
sulphuric  acid  and  potassium  iodide  with  liberation  of  iodine,  which 
is  estimated  by  titration  with  sodium  thiosulphate.  This  method  is 
disturbed  by  the  presence  of  nitrites,  which  also  liberate  iodine  from 
acidified  potassium  iodide  ;  great  organic  contamination  also  interferes, 
inasmuch  as  the  impurities  present  take  up  a  portion  of  the  liberated 
iodine. 

Schiitzenbcrger's  method,  fullyf  described  in  the  sixth  edition 
of  this  ]x)ok,  has  received  great  attention  from  many  operators,  some 
of  whom  have  reported  favourably,  whilst  others  find  the  process 
imreliable.  The  reason  for  the  anomalies  apjmrent  in  the  reports  of 
the  various  experimenters  is  shown  in  the  results  of  an  interesting 
and  critical  investigation  of  the  j)r(K*e8S  carried  out  by  Roscoe  and 
Lunt  {J.  C.  S.  1889,  552).  They  show  that  an  important  disturbing 
influence  had  l)een  overlooked,  and  explain  many  previously  ill- 
understood  points  in  the  process. 

Schiitzenberger's  original  process  depends  on  the  reducing  action 
of  sodium  hyposulphite  NagSOg,  prepared  by  the  action  of  zinc  dust 
on  a  saturated  solution  of  sodium  bisulphite,  containing  an  excess  of 
sulphurous  acid.  The  estimation  was  originally  carried  out  in  a  large 
Woullf's  bottle,  of  about  two  liters  capacity,  filled  with  pure 
hydrogen.  About  20-30  c.c.  of  water  were  intix)duced  and  slightly 
coloured  blue  by  indigo-carmine  solution.  The  blue  colour  was  then 
cautiously  discharged  ])y  the  careful  dropping  in  of  hyposulphite 
solution.  To  the  yellow  reduced  liquid  thus  produced,  the  water  to 
be  examined  was  added  from  a  pear-shaped  vessel  holding  about 
^50  c.c.     The  dissolved  oxygen  restored  the  blue  colour  by  oxidation, 

*  Obtained  by  mixing  solutions  of  a  manganous  salt  and  caustic  alkali. 
tSee  Fermentation  by  P.  Schatzenberger  {Intemationdl  Sci$ntific  Seriet), 

T   'I 
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and  the  amount  of  hyposulphite  required  to  again  decolorize  the 
liquid  was  noted. 

Schiitzenherger  showed  that  when  a  small  amount  of  indigo 
was  employed  in  the  estimation,  the  yellow  colour  produced  when 
the  titration  was  completed  quickly  returned  to  blue,  and  this  when 
decolorized  again  turned  blue,  and  so  on  for  some  time,  until  double 
the  first  amount  of  hyposulphite  had  been  used.  He  showed  also 
that  by  using  a  much  larger  amount  of  indigo  the  double  portion  of 
hyposulphite  was  required  ai  once. 

By  titrating  an  ammoniacal  solution  of  copper  sulphate  with  the 
hyposulphite  used  he  arrived  at  a  value  (though  an  erroneous  one^ 
for  the  hyposulphite  employed  in  his  experiments,  and  concluded  that, 
at  the  first  yellow  colour  produced  in  a  titration  where  a  small 
amount  of  indigo  was  used,  only  half  the  oxygen  actually  present 
had  been  ol)tained.  The  other  half  he  accounted  for  by  saying  that 
the  reaction  between  hyposulphite  and  dissolved  oxygen  is  such,  that 
one-half  the  oxygen  becomes  latent  as  hydrogen  peroxide,  wliich 
slowly  gives  up  half  its  oxygen.  He  thus  accounted  for  the  return 
of  the  blue  colour,  as  well  as  his  observation  that  only  half  the 
oxygen  was  at  once  obtained.  To  explain  the  observation,  that  when 
a  large  amount  of  indigo  was  employed  the  whole  of  the  dissolved 
oxygen  was  found,  he  assumed  that  a  different  reaction  takes  place, 
one  between  dissolved  oxygen  and  reduced  indigo,  in  which  the 
peroxide  of  hydrogen  is  not  formed. 

Ramsay  and  Williams  (/.  C.  S.  1886,  751),  whilst  agreeing 
with  Schiitzenherger  and  with  Dupr^,*  that  the  process  gives 
reliable  results,  throw  a  doubt  on  the  chemical  explanation  given  of 
the  above  experiments. 

Instead  of  the  ratio  1  :  2,  they  find  3  :  5  to  be  the  ratio  between 
the  first  and  total  quantity  of  hyposulphite  required  when  a  small 
amount  of  indigo  is  employed,  but  give  it  only  as  the  mean  expression 
of  the  varying  ratios  they  obtain,  and  add  "  l)ut  it  is  difficult  to 
devise  an  equation  which  will  in  a  rational  manner  account  for  this 
partition  of  oxygen  "  into  two  stages  of  the  process.  Roscoe  and 
Lunt^s  investigation  (J,  C.  S.  1889,  552)  has  thrown  a  new  light  on 
these  experiments.  They  show  (1)  that  a  series  of  fifteen  estimations 
carried  out  with  every  care  in  improved  apparatus,  and  under 
apparently  identical  conditions,  giive  discordant  results,  varying 
between  4*55  and  6*50  c.c.  of  hyposul|)hite  for  the  same  volume  of 
water,  showing  a  difference  of  0*35  per  cent,  of  the  mean  value. 
(2)  The  rapidity  of  titration  has  a  great  influence  on  the  residt.  The 
mean  of  a  series  of  ten  estimations  carried  out  drop  by  drop  was  5*47, 
whilst  ten  experiments  with  the  same  sample  of  water  gave  a  mean 
of  7*12  when  the  titration  was  performed  <iuickly.  (3)  Not  only  is 
a  low  result  obtained  by  a  slow  titration  and  a  high  result  by  a  quick 
one,  but  by  varying  the  time  of  titration  still  more,  extreme  variations 
in  the  result  are  obtained ;  any  value  between  1  and  100  per  cent,  of 
the  total  oxygen  present  being  shown  to  be  p<xssible.     (4)  The  ratio 

*  Analyst  x.  156. 
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between  the  first  reaJiun  uiul  tlie  total  (juantity  nf  hyi)iiHul|)hite 
requireil  is  not  a  cuiistaiit  one,  and  in  hIiowm  to  )«  cajiablo  uf  an 
infinite  ranee  of  \anation 


Fi«.  63. 

The  key  to  tlie  uxiilanation  of  these  remarkable  reBulttt  is  given  by 
the  authors  as  followa  :^"ThB  conclusion"  from  their  i-x]>erinienta 
"  was,  that  when  aerat«il  water  ii<  introduced  into  an  atmos]))iero  of 
pure  hydrogen,  it  ini mediately  begiiiB  to  lose  oxygen  by  lUfiiieion  into 
the  hydrogen  until  an  equilibrium  is  established."  By  the  recognition 
of  this  disturbing  influence,  the  previous  anomalies  are  easily  explain- 
able on  the  following  data. 

(1)     Discordant  results  are  obtained  from  the  same  water,  l>ecause 
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the  several  titrations  are  not  performed  in  exactly  the  same  time, 
therefore,  varying  amounts  of  oxygen  diffuse,  and  leave  a  varying 
residue  for  titration. 

(2)  The  high  results  of  a  quick  titration  are  accounted  for  by  the 
fact  that  a  large  amount  of  oxygen  is  titrated  arid  fixed  before  it  has 
had  time  to  diffuse,  whilst  the  slow  titration  gives  a  low  result^ 
because  a  large  amount  of  oxygen  has  already  diffused  from  the  liquid 
before  the  titration  is  completed.  No  greater  proof  of  the  rapidity 
with  which  the  water  under  examination  lost  oxygen  by  the  old 
process  need  be  given  than  the  fact,  that  Schiitzenberger's  results 
show  that  half  the  oxygen  had  left  the  liquid  by  diffusion  before  the 
estimation  could  be  completed. 

(3)  The  return  of  the  blue  colour  is  due  to  the  re-absorption  of 
the  diffused  oxygen  by  the  sensitive  yellow  liquid,  oxidation  by 
gaseous  oxygen  producing  the  blue  colour,  which  is  thus  not  due  to  a 
reaction  within  the  liquid. 

(4)  The  whole  of  the  oxygen  is  obtained  when  a  large  amoimt  of 
indigo  is  used,  because  when  reduced  it  is  capable  of  at  orwe  fixing  the 
whole  of  the  dissolved  oxygen  and  thus  prevents  diffusion.  The  use 
of  so  large  a  quantity  of  indigo,  necessary  to  effect  this  result,  however, 
so  disturbs  the  end-reaction  that  "it  is  difficult  to  fix  the  point  at 
which  the  last  trace  of  blue  has  been  discharged  with  any  degree  of 
accuracy"  (Dupr^  loc,  cit.).  Hence  a  new  method  must  be  resorted 
to  in  which  diffusion  is  eliminated,  and  Roscoe  and  Lunt  have 
devised  the  following  method  to  satisfy  the  conditions  of  the  case. 
The  apparatus  employed  by  them  is  shown  in  fig.  53. 

It  consists  essentially  (1)  of  an  apparatus  for  the  continuous 
generation  and  purification  of  hydrogen,  by  the  action  of  dilute 
sulphuric  acid  on  zinc ;  (2)  a  200  c.c.  wide-mouthed  bottle,  fitted  with 
three  burettes  with  glass  taps,  inlet  and  outlet  tubes  for  a  current  of 
hydrogen,  and  an  outlet  tube  for  the  titrated  liquid ;  (3)  Winchester 
stock  bottles  of  hyposidphite,  indigo  (not  shown),  and  water  (sample), 
communicating  with  their  respective  burettes  by  glass*  syphons.  The 
hydrogen  generated  in  A  passes  through  two  wash-bottles  containing 
caustic  potash,  thence  through  two  Emmerling^s  tubes  filled  with 
glass  beads,  moistened  with  an  alkaline  solution  of  potassium 
pyrogallate,  an  arrangement  being  made  whereby  the  beads  may  be 
re-moistened  with  fresh  pyrogallate  from  the  bottles  beneath,  the 
liquid  being  forced  up  by  hydrogen  pressure,  l^re  hydrogen  is 
supplied  continuously  (1)  to  the  stock  bottle  of  hyposulphite,  (2)  to 
the  hyposulphite  burette,  and  (3)  to  the  titration  bottle. 

Preparation  of  the  Reagents.— The  reagents  required  are — 

Hyposulphite  solution. 

Indigo  solution. 

Standard  aerated  distilled  water. 

The  HypoBiQphite  solution  is  prepared  by  dissolving  125  gm. 

*  India-rubber  tubing  must  not  be  tiBed  for  the  conTejrance  of  the  hjpostilphite  solution 
(or  the  water  under  examination),  as  atmospheric  oxygen  rapidly  diffuses  through  the 
india-rubber  and  affects  the  strength  of  the  solution. 
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of  sodium  bisulphite  in  250  c.c.  of  water,  and  passing  a  current  of 
8O2  through  the  solution  until  saturation  is  effected.  The  solution  is 
poured  into  a  stoppered  bottle  of  al)Out  500  c.c.  capacity,  containing 
50  gni.  of  zinc  dust,  the  bottle  is  almost  filled  up  with  water,  and  the 
mixture  well  shaken  for  five  minutes,  after  which  the  bottle  is  placed 
beneath  a  ninning  tap  to  cool.  Tlie  mixture  is  again  agitated  after  a 
quarter  of  an  hour  and  left  to  deposit  the  excess  of  zinc.  The  clear 
liquid  is  j)oured  off  from  tlie  sediment  into  a  Winchester  quart  bottle 
half  full  of  water.  Milk  of  lime  is  added  in  excess,  and  the  solution 
made  up  to  fill  the  bottle  almost  completely.  The  mixture  is  now 
thoroughly  shaken  and  allowed  to  stand  (best  overnight)  until  clear. 

Tlie  solution  thus  obtained  is  much  too  strong  for  use.  200  c.c.  of 
this  may  be  poured  into  a  Winchester  quart  bottle  of  water  (never 
into  a  bottle  filled  with  air)  and  well  shaken  with  as  little  air  as 
possible.  The  approximate  strength  of  this  dilute  solution  must  now 
be  found  by  titrating  good  tap  water  in  the  apparatus  already 
described.  Tlie  strength  should  l)e  such  that  100  c.c.  of  water 
require  about  5  c.c.  of  hypo8ulj)hite,  and  the  solution  should  be  made 
up  aj)proximately  to  this  value.  It  slowly  loses  strength  on  keeping, 
even  in  hydrogen,  and  its  value  should  l)e  detennined  daily  as  required 
to  be  used. 

The  Indigo-caxmlne  solution  is  really  sodium  or  potassium 
sulphindigotate,  and  is  preimred  by  shaking  uj)  200  gm.  of  this  sub- 
stance in  a  Winchester  quart  bottle  of  water,  and  filtering  the  blue 
solution,  which  must  be  diluted  to  such  a  strength  that  20  c.c.  require 
about  5  c.c.  of  the  above  hyi>osulpliite  solution  for  docolorization. 

Standard  Aerated  Distilled  Water. — Two  Winchester  (juart 
1x)ttles  half  filled  with  freshly  distilled  water  are  vigorously  agitated 
for  five  minutes,  and  the  air  renewed  several  times  by  tilling  up  one 
bottle  with  the  contents  of  the  other,  and  again  dividing  into  two 
portions,  which  are  repeatedly  shaken  with  fresh  air.  Finally,  one 
bottle  being  filled,  the  temj)erature  of  the  water  is  taken,  and  also  the 
barometric  pressure,  after  which  the  bottle  is  allowed  to  stand 
stoppered  for  half  an  hour,  to  get  rid  of  minute  air-bubbles.  The 
following  table,  due  to  Roscoe  and  Lunt,  gives  the  volume  of 
oxygen  contained  in  this  standard  aerate<l  water,  and  the  results  show 
that  Bunsen's  co-efficients,  previously  used,  are  inaccurate. 
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Oxygen  Dissolved  by  Distilled  Water.    5-30**  C. 


5-0° 

5-5 

60 

6-5 

70 

7-5 

80 

8-5 

90 

9-5 

100 

10-5 

110 

11-5 

120 

12-5 

180 

13-5 

140 

14-5 

160 

15-6 

160 

16-5 

170 

17*5 


CO.  Oxygen 

n.tTp. 

per  liter  Aq. 


8-68 
8-58 
8-49 
8-40 
8-31 
8-22 
813 
804 
7-95 
7-86 
7-77 
7-68 
7-60 
7-62 
7*44 
7*36 
7-28 
7-20 
712 
704 
6-96 
6-89 
6-82 
6-75 
6-68 
6-61 


Diff.  for 
0-5°  C. 


010 
009 
009 
009 
009 
009 
009 
009 
009 
009 
008 
008 
008 
008 
008 
008 
008 
008 
008 
008 
007 
007 
007 
007 
007 


Temp. 
C. 


180° 

18-5 

190 

19-5 

200 

20-5 

210 

21-6 

220 

22-5 

230 

23-5 

240 

24-5 

250 

25-5 

260 

26-5 

270 

27-5 

280 

28*5 

290 

29-5 

300 


c.c.  Oxygen 

N.TJ». 
per  liter  Aq. 


6-5  i 
6-47 
6-40 
6*34 
6-28 
6-22 
616 
610 
604 
5-99 
5-94 
5-89 
5-84 
5-80 
5-76 
5*72 
5-68 
564 
6-60 
5-57 
5-64 
5-51 
5-48 
5-45 
5-43 


Diff.  for 
e-5*»  C. 


007 
007 
006 
006 
006 
006 
006 
006 
005 
005 
005 
005 
004 
004 
004 
0*04 
004 
004 
003 
003 
0*08 
003 
003 
002 


In  this  table  the  results  are  calculated  for  aeration  at  an  observed  barometric 
pressure  of  760  m.m.  When  the  observed  pressure  is  below  760  m.m.  7*^  the 
value  must  be  subfracfed  for  every  10  m.m.  diff.  The  same  value  must  be  txdded 
when  the  pressure  is  above  760  m.m. 

The  Estimation:  The  burette  having  been  filled,  and  a  preliminary  trial 
made — 

(1)  20  c.c.  of  the  water  are  introduced  into  the  small  bottle  and  about  3  c.c.  of 
indigo  solution  added. 

(2)  A  moderate  current  of  hydrogen  is  passed  through  the  blue  liquid  by  a 
very  fine  jet  for  three  minuted  to  free  both  water  and  supernatant  gas  from 
free  oxygen. 

(3)  Hyposulphite  is  now  carefully  added,  during  the  flow  of  hydrogen,  until 
the  change  from  blue  to  yellow  occurs,  taking  care  not  to  overstep  this  point. 

(4)  A  further  measured  quantity  of  hyposulphite  is  now  added  (say  10  c.c.) 
sufficient  to  combine  with  all  the  dissolved  oxygen  in  the  volume  of  water 
(50-100  c.c.)  proposed  to  be  used  in  the  estimation. 

(5)  The  important  point  is,  that  the  water  is  now  quickly  run  in  from  a 
burette  by  a  capillary  tube  passing  beneath  the  surface  of  the  liquid  to  the 
bottom  of  the  vessel.  The  water  is  thus  introduced  into  a  liquid  which  will  at 
once  fix  the  free  oxygen  and  thus  prevent  its  diffusion  on  coming  in  contact  with 
the  hydrogen,  the  reduced  indigo  acting  as  an  indicator  for  the  complete 
oxidation  of  the  hjrposulphite.  The  liquid  is  kept  in  constant  motion  during 
the  addition  of  the  water,  which  is  shut  off  the  moment  a  permanent  blue 
colour  appears. 
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(6)  The  blue  is  decolorized  by  a  further  slight  addition  of  hyposulphite.  The 
volume  of  water  used  and  the  total  hyposulphite,  minus  the  first  addition,  are 
noted  and  the  estimation  repeated  for  confirmation. 

When  the  water  contains  very  little  oxygen  the  second  edition  of 
hyposulphite  may  l)e  omitted,  the  reduced  indigo  Ixjing  sufficient  to 
take  up  all  the  dissolved  oxygen.  In  this  c^se,  care  must  be  taken 
that  the  oxygen  adde<l  should  require  not  more  tlian  half  the 
hyposulphite  first  added  to  decolorize  the  indigo. 

Standardising  the  Hyposulphite. — In  order  to  complete  the 
estimation  it  is  necessary  to  know  the  strength  of  the  hyposulphite 
solution  emj)loyeil,  and  for  this  purpose  the  Ijottle  of  standanl  aerated 
distilled  water  is  titrated.  This  metliod  has  the  great  advantage  that 
it  is  a  titration  carried  out  under  almost  the  same  conditions  as  the 
examination  of  the  samj>lo.  The  result  of  an  estimation  is  easily 
obtained  by  the  following  fornnda  : — 

— - —  =  r  c.c.  ()  i>er  liter  of  water 

s  X  hff 

where  d  and  K=the  volumes  of  «listilled  water  and  sample  resjHJctively 
used,  Itff  and  /i^=the  hyjiosulphite  requiriMl  for  the  distilled  water  and 
sample  resjyectively,  and  Od  the  volume  of  dissolved  oxygen  containetl 
in  (me  lite.r  of  the  standartl  water. 

Standardizing  the  Indigo.^^When  once  the  liyposul])hite  has 
})een  can^fuUy  standardized  by  distilled  water,  the  rather  trouble- 
some aeration  may  be  avoided  by  finding  the  oxygen  value  of  the 
indigo  solution.  This  solution  remaining  constant  may  be  used  for 
the  subsequent  standardizing  of  the  hyjK)sulpliit(i. 

It  is  only  nect»ssary  to  take  a  suitable  quantity  of  indigo  solution, 
dilutwl  with  water  if  necessary,  free  it  from  all  (lissolved  oxygen  by  a 
current  of  pure  hydrogen  continued  for  five  minutes,  then  carefully 
decolorize  with  hyposulphite,  the  value  of  which  has  l)een  found  by 
using  aerated  distilled  water. 

The  authors  show  that  Schiitzenberger's  method  of  sUmdard- 
ization,  depending  on  the  decolorization  of  ammoniacal  copper  sulphate, 
gives  inaccurate  results. 

Free  acids  or  alkalies  greatly  disturb  the  process.  Bicarbonates 
liave  no  effect.  Of  course  when  other  substances  than  oxygen,  which 
decompose  hyj)osulphite,  ani  present,  the  accuracy  of  the  method  is 
proportionately  disturbe^l.  The  authors  have  applied  the  proce.ns  to 
waters  of  very  varied  character,  and  containing  widely  (Afferent 
amounts  of  oxygen,  and  show  that  the  metlioil  is  cajmble  of  giving 
good  results,  comjmred  with  the  actual  volume  of  oxygen  found  by 
extracting  the  gases  by  boiling  in  vacud. 

The  delicacy  of  the  reaction  is  such  that  one  jmrt  of  oxygen  in  tn^o 
million  parts  of  water  is  easily  detected. 

The  following  numbers  were  obtained  from  five  different  samples  of 
London  tapwater  collected  on  five  different  days. 
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(1) 

(2) 

(8) 

(4) 

(6) 

Nitrogen   

Oxygen. 

Carbonic  acid   

Total  Gas 

c.c. 

13*22 

5-15 

7-98 

c.c. 

13-95 

6-91 

9-29 

C.C. 

13-36 
5-38 
6-70 

C.C. 

13-43 
6-31 
7-35 

c.c. 

13-49 

6-80 

811 

26-35 

2915 

25-44 

2709 

27-40 

1 

Oxygen    by    the    new 

volumetric  method  . . . 

Gas  obtained     

5-52 
5-15 

6-13 
5-91 

5-64 
5-38 

6-41 
6-31 

6-24 
5-80 

Difference 

0-37 

0-22 

0-26 

0-10 

0-44 

Mean  difference  0*28  c.c.  oxygen  per  liter  of  water. 

The  oxygen  values  obtained  by  the  two  methods  show  close 
agreement,  considering  the  possible  experimental  error  in  so  complex 
a  comparison. 

M.  A.  Adams  describes  and  figures  a  very  convenient  arrange- 
ment for  carrying  out  this  process  (J,  C.  S,  Ixi.  310),  which  is  well 
adapted  for  technical  work,  and  less  cumbrous  than  the  apparatus 
here  described.  ..^ 

lodometric  Method. 

A  simpler  method  than  the  foregoing  has  been  proposed  by  Thresh 
(J.  C,  S,  Ivii.  185),  which  by  comparison  with  Roscoe  and  Lunt's 
method  appears  to  give  satisfactory  results  when  aerated  distilled 
water  was  under  titration,  the  differences  occurring  only  in  the  second 
decimal  place.  The  author  was  led  to  investigate  the  method  by 
observing  the  larger  amount  of  iodine  which  a  very  minute  quantity 
of  a  nitrite  caused  to  be  liberated,  when  potassium  iodide  and  dilute 
sulphuric  acid  were  added  to  water  containing  it.  The  amount  of 
iodine  liberated  varies  with  the  length  of  exposure  to  air.  If  air  is 
excluded  no  increase  of  free  iodine  occurs  after  the  first  few  minutes, 
and  if  the  water  is  previously  boiled  and  cooled  in  an  air-free  space 
still  less  iodine  is  liberated.  In  this  latter  case  the  action  is  represented 
by  the  equation — 

2HI  +  2HNO2  =  lo  +  2H2O  +  2N0. 

When  oxygen  has  access  to  the  solution,  the  nitric  oxide  acts  as 
a  carrier,  and  more  hydrogen  iodide  is  decomposed^  the  nitric  oxide 
apparently  remaining  unaffected,  and  capable  of  causing  the  decompo- 
sition of  an  unlimited  quantity  of  the  iodide. 

This  reaction  is  the  one  utilized  in  the  process  devised  by  Thresh 
for  estimating  tlie  oxygen  dissolved  in  water.  As  16  parts  by  weight 
of  oxygen  will  liberate  254  parts  of  iodine,  thus — 

2HI  +  0  =  H20  +  l2, 
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and  as  the  latter  element  admits  of  being  accurately  estimated, 
theoretically  the  oxygen  shouM  be  capable  of  very  precise  determi- 
nation. Practically  such  is  the  case ;  the  oxygen  dissolved  in  drinking 
waters  admits  of  being  estimated  both  rai)idly  and  with  precision. 
It  is  only  necessary  to  add  to  a  known  volume  of  the  water  a  known 
quantity  of  sodium  nitrite,  together  with  excess  of  potassium  iodide 
and  acid,  avoiding  access  of  air,  and  then  to  determine  volumetrically 
the  amount  of  iodine  lilxjrated.  After  deducting  the  proportion  due 
to  the  nitrite  used,  the  remainder  represents  the  oxygen  which  was 
dissolved  in  tlie  water  and  in  the  volumetric  solution  used. 
The  following  are  the  reagents  required  : — 

(1)  Solution  of  sodium  nitrite  and  potassium  iodide  : — 

Sodium  nitrite   0*5  gm. 

Potassium  iodide    20*0  gm. 

Distilled  water  100  c.c. 

(2)  Dilute  sulphuric  acid  : — 

Pure  sulphuric  acid   1  jiart. 

Distilled  wat(»r  3  parts. 

(3)  A  clear  fresh  solution  of  starch. 

(4)  A  volumetric  solution  of  sodium  thiosulphate  : — 

Pure  (crystals  of  thiosulphate,  7*75  gm. 

Distilled  water  to  1  liter. 

1  c.c.  corrcsj)ontlH  to  0*25  milligram  of  oxygon. 

The  apjMiratUH  nnjuired  is  very  simple,  and  can  readily  be  fitted  up. 
It  consists  of  a  wide-mouthe<l  white  glass  bottle  (A,  tig.  54)  of  al)out 
500  c.c.  cajwK'ity,  closed  with  a  caoutchouc  stopper  having  four 
perforations.  Through  one  j Misses  the  tube  B,  drawn  out  at  its  lower 
extremity  to  a  rather  tine  jx>int,  and  connected  at  the  upi>er  end,  by 
means  of  a  few  inches  of  rubl>er  tubing,  with  the  buretU^  (J,  conUiining 
the  thiosulphate.  Through  another  o|>ening  j)assefl  the  nozzle  of 
a  sepamtory  tube  D,  having  a  stopper  and  stopc<K'k.  The  ca{»acity 
of  tliis  tube  when  full  to  the  stopjwr  must  Ik?  accurately  deti^rmined. 
Tlirough  the  thinl  opening  j)asses  a  tul>e  E,  which  can  be  attached  to 
an  onlinary  gas  supply.  Through  the  last  aperture  is  jtfissed  another 
tulie,  for  the  gas  exit,  and  to  this  is  attached  a  sufticient  length  of 
rublK»r  tubing  to  enable  the  cork  (»  at  its  end  to  Ikj  placwl  in  the 
neck  of  the  tulni  D  when  the  stopper  is  removed.  A  small  piece 
of  glass  tul)e  projects  through  the  cork,  to  allow  of  the  escaping  gas 
being  ignited. 

*  The  ap|)aratus  is  uwid  in  the  following  manner : — The  lM)ttle  A 
Ixniig  cleaned  and  dry,  the  perforate<l  bung  is  inserti»d,  the  burette 
charge^.!,  and  the  tube  15  fixed  in  its  place.  E  is  connect(»d  with  tlie 
gas  supply.  The  tul)e  D  is  filled  to  the  level  of  the  stopper  with 
the  water  to  Ini  examined,  1  c.c.  of  tlie  solution  of  sodium  nitrite 
and  iK)tassium  itnlide  added  from  a  1  c.c.  j)ipette,  then  1  c.c.  of  the 
dilute  acid,  and  the  stop[K?r  instantly  fixed  in  its  places  displacing 
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a  little  of  the  water,  and  including  no  air.  If  the  pipette  be  held 
in  a  vertical  position  with  its  tip  just  under  the  surface  of  the  water, 
both  the  saline  solution  and  the  acid,  being  much  denser  than  the 
water,  flow  in  a  sharply  defined  column  to  the  lower  part  of  the  tube, 
so  that  an  infinitesimally  small  quantity  (if  any)  is  lost  in  the  water 
which  overflows  when  the  stopper  is  inserted.  The  tube  is  next 
turned  upside  down  for  a  few  seconds  for  uniform  admixture  to  take 
place,  and  then  the  nozzle  is  pushed  through  the  bung  of  the  bottle, 
and  the  whole  allowed  to  remain  at  rest  for  15  minutes,  to  enable 
the  reaction  to  become  complete.  A  rapid  current  of  coal  gas  is  now 
passed  through  the  bottle  A,  until  all  the  air  is  displaced  and  the 
gas  burns  at  G  with  a  full  luminous  flame ;  the  flame  is  now  extin- 
guished, the  stopper  of  D  removed,  and  the  cork  G  rapidly  inserted. 


A 


Fig.  54. 

On  turning  the  stopcock,  the  water  flows  into  the  bottle  A.  The 
stopcock  is  turned  ofi",  the  cork  G  removed,  and  the  supply  of  gas 
regulated  so  that  a  small  flame  only  is  produced  when  this  gas  is 
ignited  at  G.  Thiosulphate  is  now  run  in  until  the  colour  of  the 
iodine  is  nearly  discharged.  A  little  solution  of  starch  is  then 
poured  into  D,  and  about  1  c.c.  allowed  to  flow  into  the  bottle  by 
turning  the  stopcock.  The  titration  with  thiosulphate  is  then  com- 
pleted. After  the  discharge  of  the  blue  colour,  the  latter  returns 
faintly  in  the  course  of  a  few  seconds,  due  to  the  oxygen  dissolved 
in  the  volumetric  solution;  after  standing  about  two  minutes,  from 
0*05  to  0*1  c.c.  of  thiosulphate  must  be  added  to  effect  the  final 


§  72.  OXYGEN.  285 

discharge.  The  amount  of  vohimetric  solution  used  must  now  be  noted. 
This  will  represent  a,  the  oxygen  dissolved  in  the  water  examined,  +  b, 
tlie  nitrite  in  the  1  c.c.  of  solution  used,  and  the  oxygen  in  the  acid 
and  starcli  solution  + '',  a  portion  of  the  dissolved  oxygen  in  tlie 
volumetric  solution.  To  find  the  value  of  rt,  it  is  obvious  that  b  and 
c  must  be  ascertained.  This  can  be  effected  in  many  ways,  and  once 
known  does  not  reijuire  re-determination  unless  the  contlitions  are 
changed. 

To  Find  the  Value  of  b, — Probably  the  best  jdan  is  to  complete 
a  determination  as  above  described,  and  then,  by  means  of  the 
8topj)ered  tube,  introduce  into  the  bottle  in  succession  5  c.c.  of  nitrite 
solution,  dilute  aci.l,  an<l  starch  solution.  After  standing  a  few 
minuter,  titrate.  One-fifth  of  the  thiosulphate  used  will  be  the 
value  required. 

To  Find  the  Value  of  c, — This  correction  is  a  comj)aratively  small 
one,  and  admits  of  determination  with  sufficient  accuracy  if  it  is 
assimied  that  the  thiosulphate  solution  normally  contains  as  much 
dissolved  oxygen  as  distilled  water  saturated  at  the  same  temiMjrature. 
Complete  a  determination  as  above  described,  then  remove  the 
8top]>ered  tube,  and  insert  a  tube  similar  to  that  attached  to  the 
burette,  and  drop  in  from  it  10  or  20  c.c.  of  saturated  distilled  water 
exactly  as  the  thiosulphate  is  dropped  in.  Allow  to  stand  a  few 
minutes  and  titrate.  One-tenth  or  one-twentieth  of  the  volumetric 
solution  used,  acconling  to  the  numl>er  of  c.c.  of  water  added,  will 
rejjresent  the  correction  for  each  c.c.  of  volumetric  solution  used. 
Call  this  value  d. 

Let  e  l)e  the  number  of  c.c.  of  tliiosulphate  use<l  in  an  actual 
determination  of  the  amount  of  oxygen  in  a  sample  of  water ; 

/=the  ca|>acity  in  c.c.  of  the  tube  employed  -  2  c.c,  the  volume 
of  reagents  added ; 

//  =  the  amount  of  oxygen  in  milligrams  dissolved  in  1  liter  of 
the  water ; 

then  tj  =  — .-  (e-b-  ed). 

With  a  tube  made  to  hold  exactly  250  c.c,  the  most  convenient 

,.,    ^  1000  ,  .^  , 

quantity  to  use,  -     .-  becomes  unity,  and 

g  z=  e  -  b  -  ed. 

In  the  authors  exj)eriments  two  nitrite  sohitions  were  used  ;  in  the 
first  />  =  2'1  c.c,  in  the  second  3'1  c.c.  A  number  of  determinations 
of  d  were  made,  at  temperatures  varying  from  40°  to  60°  F.  The 
value  of  d  was  found  to  vary  l)etween  0*03  and  0*0315.  In  all  the 
authors  recent  experiments  d  was  taken  as  0*031. 

\Vlien  e  =  3  c.c.  the  reaction  seems  to  be  complete  in  five  minuter, 
but,  to  be  on  the  safe  side,  it  is  better  to  fix  the  minimum  at  fifteen 
minutes. 

The  use  of  coal-gas  is  recommended  by  the  author  witliout  passing 
it  over  alkaline  pyrogallol  or  otherwise  treating  it  before  allowing  it 
to  pass  through  the  apparatus. 
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The  results  obtained,  however,  can  be  made  to  vary,  the  extreme 
limit  being  less  than  0*5  milligram  of  oxygen  per  liter  of  water,  using 
250  c.c.  for  the  estimation.  To  quote  an  extreme  case.  In  one 
experiment  (1),  after  the  air  has  been  wholly  expelled  from  the 
bottle  A,  no  more  gas  was  passed  through,  and  the  titration  was 
effected  in  the  closed  apparatus,  the  volumetric  solution  being  run  in 
as  rapidly  as  possible.  The  end-reaction  was  not  well  defined.  In 
the  second  experiment  (2),  the  volumetric  solution  was  run  in  very 
slowly  drop  by  drop,  and  a  brisk  current  of  gas  was  kept  passing 
through  the  apparatus.     End-reaction  well  defined. 


Volume  of  water. 

Thioenlphate. 

Oxygen  per  liter. 

(1) .. 

....       322  C.C. 

15*35  C.C. 

9*14  milligrams. 

(2)  .. 

.  .  .  .         oJla      ,, 

14-9     „ 

8-80 

The  difference  is  probably  due  to  nearly  all  the  oxygen  dissolved  in 
thiosulphate  being  used  up  in  the  first  case,  and  being  lost  by  diffusion 
in  the  second. 

In  the  examination  of  waters  from  various  sources,  and  making  the 
-experiments  in  pairs,  using  tubes  of  different  sizes,  the  author  found 
that  exceedingly  concordant  results  could  easily  be  obtained. 

In  estimating  the  oxygen  in  distilled  water  saturated  with  air,  the 
author  found  that  the  results  at  25°  and  30°  C.  were  higher  than 
those  obtained  by  Roscoe  and  Lunt,  whilst  at  the  lower  temperatures 
they  were  almost  identical,  and  it  occurred  to  him  that  the  difference 
was  probably  due  to  the  mode  of  saturation.  The  agitation  in  a  couple 
of  Winchesters  was  done  as  directed  by  them,  but  the  water  used  had 
been  previously  saturated  at  the  lower  temperatures,  and  probably 
were  slightly  super-saturated.  A  further  series  of  experiments  were 
then  made  with  freshly-distilled  water,  which  was  not  agitated  with 
air  until  it  had  attained  the  desired  temperature.  The  results  proved 
that  this  surmise  was  correct.  Probably  some  such  explanation 
accounts  for  the  uniformly  higher  results  obtained  by  Dittmar. 

No  doubt  there  will  be  exceptional  cases  in  wliicli  the  process 
cannot  be  used,  and  others  in  which  some  modification  may  be 
required.  A  water  containing  nitrites  wiU  require  the  amount  of 
the  nitrous  acid  to  be  determined  if  the  utmost  accuracy  is  required. 
(A  water  containing  1  part  of  HNOg  in  1,000,000,  will  affect  the 
revsults  +  0*17  milligram  of  oxygen  per  liter,  94  parts  of  the  acid 
corresponding  to  16  of  oxygen.)  Where  nitrites  are  present  in 
sufficient  quantity  to  interfere,  the  amount  may  be  determined  by 
any  of  the  ordinary  processes,  but  the  author  prefers  the  following 
method : — 

To  250  C.C.  of  the  water  to  be  examined,  rendered  faintly  alkaline 
if  not  already  so,  add  a  few  drops  of  strong  solution  of  potassium 
iodide,  and  boil  vigorously  for  a  few  minutes.  Then  transfer  to  the 
bottle  A  used  in  the  oxygen  determination,  and  allow  to  get  quite 
cold  in  a  slow  current  of  coal  gas.  Then  add  a  few  drops  of  dilute 
sulphuric  acid  and  solution  of  starch,  and  titrate  with  the  thiosulphate. 
The  correction  to  be  made  in  the  oxygen  determination  is  thus 
ascertained.     One  or  two  experimental  results  may  be  quoted. 
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Oiiantity 
of  wdter. 

Thiosulphate 
used. 

Corrected. 

Milligrams  of 
oxygen  per  liter. 

1... 

'{ 

X 

Tap  water  

Tap  water  +  5  milli- 
grams oommercial 
sodium  nitrite    

Tap  water +10  milli- 
grams sodium  nitrite 

232*5 
^  232*6 

j  232-5 

18*2 
15-95 

18*6 

9-7 
9*56 

9-48 

10-43 
10-27 

1019 

In  number  2,  the  thiosulphate  used  by  250  c.c.  of  the  boiled  water 

was  2*8  c.c. 
In  number  3,  the  tliiosulphate  used  by  250  c.c.  of  the  boiled  water 

was  5*45  c.c. 

The  results  are  fairly  satisfactory,  even  witli  such  large  porportions 
of  nitrite,  proportions  far  larger  than  are  likely  to  be  met  with  in 
practice. 

Nitrates  do  not  interfere,  even  when  present  in  large  quantities; 
but  fresh  urine,  when  present  to  the  extent  of  1  per  cent.,  has 
a  small  but  very  appreciable  effect. 

The  following  is  an  example  of  the  method  at  ordinary  temperature : — 

Temperature  15^  C. 


QOABtitT  of 

water  taken. 

ThioBolnhate 
used. 

c—h—ed. 

MilligramB  of 
Oxygen  per  liter. 

Difference 
from  mean. 

1... 

2  . 

3  .. 

4... 

3220 
322-0 
232-5 
232-5 

15*45 
15-55 
11-90 
11-70 

12-87 

12-97 

9*43 

9-23 

Mean 

9*99 
10-07 
10-14 

9-92 

-0-04 
+  004 
+  0-11 
-Oil 

10-03 

Barometer  reading  30  in. 
1003  milligram8=.7-02  c.c.  at  N.P.T. 


Koscoe  and  Lunt  found  6'96 


»» 


Difference  +  006. 


Simpler  Methods  of  Titrations  for  Dissolved  Oxygen 

in  Waters,  etc. 

Winkler's  Manganoiis  Hydrate  Process.— This  is  much 
less  complicated  as  regards  apparatus  tlian  the  foregoing  methods, 
and  though  perhaps  not  quite  so  accurate,  it  gives  very  fair  results 
when  carefully  managed.  In  this  method  manganous  hydrate  serves 
as  the  oxygen  carrier,  and  causes  it  to  liberate  its  e(|uivalent  of  iodine 
which  is  then  titrated  in  the  usual  way.  The  special  solutions 
required  are — 

40  gm.  of  manganous  chloride  free  from  iron,  dissolved  in  water 
and  diluted  to   100  c.c,  and  33  gm.  of  sodium  hydrate  free  from 
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nitrites,  together  with  10  gni.  of  potassium  iodide,  dissolved  in  water 
and  dihited  to  100  c.c. 

The  following  shows  the  working  of  the  method  as  described  by 
Seyler(a  N.  Ixx.  151):— 

Method  of  Pbocedure  :  A  narrow-mouthed  well-stoppered  vessel,  holding  a 
known  volume  of  wat^r,  is  required.  The  cylinders  used  by  Thresh  and  hold- 
ing 252  c.c.  are  convenient.  The  vessel  is  filled  by  a  syphon,  and  1  c.c.  of  each 
of  the  above  solutions  introduced  by  a  pipette  with  long  stem,  so  as  to  flow  to 
the  bottom,  displacing  2  c.c.  of  the  water  from  the  top.  The  stopper  is  then 
inserted  so  as  to  be  quite  free  from  air  bubbles,  and  the  contents  mixed  by 
shaking.  The  precipitated  manganese  hydrate  becomes  brown  if  free  oxygen  is 
present,  and  soon  sinks  to  the  bottom.  5  c.c.  of  strong  HCl  are  then  intro- 
duced by  a  pipette  reaching  just  above  the  layer  of  precipitate,  the  clear  alkaline 
solution  only  being  displaced  from  the  top,  the  stopper  again  inserted,  and  the 
vessel  shaken.  When  the  precipitate  is  entirely  or  nearly  dissolved,  the  yellow 
solution  is  run  into  a  flat^k  and  titrated  with  thiosulphate  in  the  usual  manner. 
If  260  c.c.  of  water  be  used  Thresh's  thiosulphate  equivalent  to  0*25  m.gm.  of 
oxygen  is  convenient,  each  c.c.  then  representing  1  m.gm.  per  liter.  This 
contains  7'75  gm.  of  sodium  thiosulphate  per  liter.  The  great  inconvenience  is 
that  it  rapidly  loses  strength,  but  4  c.c.  of  normal  caustic  soda  added  before 
making  up  to  a  liter  renders  the  thiosulphate  much  more  stable,  if  not  kept 
exposed  to  the  light. 

If  nitrites  are  present  they  may  interfere  with  the  titration,  acting  as  oxygen- 
carriers,  and  causing  a  continuous  liberation  of  iodine.  This  may  be  obviated  by 
titrating  in  a  current  of  coal-gas,  exactly  as  in  Thresh's  method,  but  if  the 
amount  of  nitrate  is  not  large,  and  the  first  disappearance  of  the  blue  tint  be 
taken,  the  titration  in  coal-gas  will  not  differ  appreciably.  If  much  nitrite  is 
present  it  must  be  estimated  and  corrected  for,  but  this  is  a  very  rare  case.  It 
has  been  objected  that  iodometric  methods  are  inapplicable  to  waters  containing 
much  organic  matter,  as  this  may  absorb  iodine.  Seyler  does  not  find  this 
objection  well  grounded.  In  the  extreme  case  of  sewage  effluent,  no  iodine  was 
absorbed  in  one  case,  and  in  another  where  some  SHj  was  present,  the  absorption 
only  corresponded  to  0*7  c.c.  per  liter,  and  could  easily  be  estimated  and  a 
correction  applied. 

This  method  has  been  modified  by  Eideal  and  Stewart 
{Analyst  xxvi.  141)  which  obviates  many  of  the  difficulties  which 
occur  in  the  foregoing  processes  and  is  applicable  to  waters  containing 
nitrites  and  organic  matters,  sewage  effiuents,  etc.,  without  the  use  of 
special  apparatus,  coal  gas  or  other  extraneous  cautions. 

Method  of  Procedure  :  The  operation  is  carried  on  in  a  well-stoppered 
bottle  of  known  capacity,  say  about  300  c.c. 

The  same  manganous  and  alkaline  iodide  solutions  as  in  Winkler's  method 
are  used. 

In  the  case  of  ordinary  waters  the  bottle  is  filled  quietly  but  quickly  and  1  c.c. 
of  manganous  chloride  solution  is  passed  to  the  bottom  from  a  long  pipette,  then 
3  c.c.  of  the  solution  containing  32  per  cent,  soda  and  10  per  cent.  KI.  The 
stopper  is  inserted,  without  air  bubbles,  and  the  contents  mixed  by  inversion  and 
rotation.  The  liberated  manganous  hydroxide  absorbs  the  free  oxygen.  On 
standing  a  few  minutes  the  upper  liquid  becomes  clear;  the  stopper  is  then 
removed  for  a  second,  and  3  c.c.  of  concentrated  pure  HCl  are  passed  to  the 
bottom  by  a  pipette.  Again  closed  and  rotated,  the  manganese  oxides  dissolve 
and  iodine  is  liberated  in  proportion  to  the  oxygen.  At  this  stage  the  bottle 
should  be  allowed  to  stand  about  five  minutes  in  the  dark,  with  occasional 
moving,  .till  clear.  The  liquid  is  then  transferred  to  a  porcelain  basin,  and  the 
iodine  determined  by  thiosulphate  and  starch. 

When  nitrites  and  much  organic  matter  are  present,  60  c.c.  of  the  original 
liquid,  acidified  with  1  c.c.  of  concentrated  pure  H3SO4,  are  first  titrated  with 
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decinormal  permaD^nate,  till  a  faint  pink  colour  pereists  after  ten  minutes. 
The  number  of  c.c.  so  required  is  calculated  to  the  volume  of  the  bottle  in  which 
the  free  oxygen  determination  is  to  be  done.  This  amount  is  then  placed  in  tbe 
bottle,  together  with  1  c.c.  of  sulphuric  acid  (if  more  than  10  c.c.  of  ^/lo  per- 
manganate are  required,  2  c.c.  of  acid  must  be  added),  the  bottle  is  filled  with  the 
liquid  under  examination,  mixed  by  rotation,  and  allowed  to  stand  five  or  ten 
minutes.  It  is  found  that  it  is  advisable  to  add  O'l  c.c.  of  perman^nate  in 
excess  of  the  calculated  amount,  so  that  the  liquid  should  retain  a  slight  pink 
colour.  Any  excess  of  permanganate  affects  the  determination  of  free  oxygen  by 
liberating  iodine,  therefore  has  to  be  removed.  If  the  solution  remains  pink,  the 
bottle  is  briefly  opened,  |  c.c.  of  a  2  per  cent,  solution  of  neutral  potassium 
oxalate  added  with  a  pipette,  the  neck  filled  up  with  the  water  under  examination, 
the  stopper  inserted,  and  the  bottle  rotatea  as  before.  The  colour  quickly 
disappears,  and  the  solution  is  ready  for  the  manganous  chloride,  ete.,  as  in  the 
ordinary  determination.  It  was  ascertained  that  the  oxalate  did  not  interfere, 
but  to  balance  the  sulphuric  acid  that  has  been  added  a  rather  larger  proportion 
of  soda  is  required.  When  working  with  sewages  and  effluents  a  60  per  cent, 
soda  + 10  per  cent.  KI  solutions  are  used  after  oxidizing  with  permanganate, 
3  c.c.  of  this,  and  afterwards  3  c.c.  of  UCl  are  added. 

The  reagents  being  used  in  the  concentrated  form  with  a  comparatively  large 
volume  of  water,  the  correction  for  the  additions  is  small,  and  can  usually  be 
neglected.  When,  however,  the  oxygen  is  low,  the  reagents,  being  presumably 
saturated  with  oxygen  under  atmospheric  conditions,  will  make  tne  result  too 
high.    The  correction  then  to  be  applied  is : 

1000a-Ri» 

where  x  is  the  number  of  c.c.  of  oxygen  per  liter  of  the  liquid,  a  the  amount  of 
oxygen  in  c.c.  found  by  titration,  V  the  volume  of  the  bottle,  and  »  that  of  the 
reagents,  while  B  is  the  number  of  c.c.  of  oxygen  contained  in  a  liter  of  saturated 
water  at  the  temperature  of  the  experiment,  which  is  preferably  actually 
determined,  or  can  be  obtained  from  a  table  such  as  Roscoe  and  Lunt's,  which 
has  already  been  quoted. 

The  results  obtained  with  good  waters  agree  well  together,  and  also  with  the 
figures  recorded  for  boiling  out  in  vacud. 

The  results  should  ])e  exj)re88ed  in  actual  c.c.  of  O  found  i)er  litre, 
with  the  temperature  of  the  water.  The  **  percentage  of  saturation  " 
calculated  from  Roscoe  and  Lunt's  table  should  be  appended. 

Deviations  from  theoretical  amounts  may  to  a  certain  extent  be 
produced  by  physical  causes.  With  falling  temi)eratures  the  water 
may  not  have  liad  time  to  take  uj)  its  complement  of  oxygep  ;  on  the 
otlier  hand,  witli  rising  ones  it  may  have  an  exce^^s.  Seyler  and 
Gill  (C.  N.  Ixvii.  87)  sliowed  that  the  temj)eratun»  might  be  raised 
from  1°  to  9-5%  or  from  13"  to  26-5",  with  little  loss  of  oxygen,  the 
water  remaining  supersaturated  until  shaken  vigorously.  This 
condition  of  supersaturation  is  not  infrequent,  especially  if  the  water 
has  been  under  pressure  in  pipes. 

Another  simple  method  for  determining  the  oxygen  absorption  of 
natural  waters  has  been  adopted  by  L.  \V.  Winkler  (Z.  a.  C.  xli. 
419)  as  follows  : — 

100  c.c.  of  the  water  are  kept  boiling  for  ten  minutes  with  10  c.c.  of  ^/loo 
alkaline  permanganate,  prepared  with  the  usual  precautions  and  standardized  on 
^/loo  oxalic  acid  solution.  The  liquid  is  then  treated  with  10  c.c.  of  dilute 
sulphuric  acid  (1  :  3)  and  10  c.c.  of  ^/loo  oxalic  acid  solution,  and,  after  it 
becomes  completely  colourless,  the  alkaline  permanganate  solution  is  introduced, 
drop  by  drop,  from  a  burette  until  a  faint  pmk  colour  remains.    A  correction  of 
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P*3  c.c.  is  made  (to  compensate  for  the  loss  of  oxygen  which  occurs  on  simply 
boiling  the  permanganate  alone),  and  the  oxygen  absorption  expressed  in  terms 
of  c.c.  of  ^/loo  permanj?anate  solution  reduced  by  100  c.c.  of  the  water. 

Another  method  of  estimating  the  dissolved  oxygen  in  fresh- water, 
sea-water,  and  sewage  effluents  has  been  brought  forward  by  Letts 
and  Blake  in  a  paper  read  before  the  Britisli  Association  in  1900. 
The  following  is  a  short  summary  of  the  process  (C  N.  Ixxxii.  163). 
It  appears  to  be  a  modified  form  of  Mohr's  method. 

A  stoppered  separating  funnel  is  filled  with  the  water  to  be  examined,  and  a 
measur^  volume  withdrawn.  A  definite  volume  of  standard  ferrous  sulphate 
solution  is  then  added,  and  afterwards  ammonia — the  volume  of  these  two 
reagents  together  corresponding  with  that  of  the  water  removed — and  the  stopper 
of  the  funnel  is  then  inserted,  care  being  taken  that  no  air  bubbles  are  enclosed. 

Within  the  separating  funnel  there  is  now  a  layer  of  ferrous  sulphate  solution 
below,  then  the  water,  and  above  the  ammonia.  These  are  mixed  bv  inverting 
the  v^l  once  or  twi^  by  a  swinging  motion,  when  a  greenish  turbid  mixture 
results,  which  rapidly  darkens  as  the  dissolved  oxygen  is  absorbed.  After  fifteen 
minutes  the  vessel  (still  stoppered)  is  inverted,  and  its  tube  or  lower  extremity 
(now,  however,  the  upper  one)  is  nearl}'  filled  with  a  cold  mixture  of  equal 
volumes  of  sulphuric  acid  and  wnier.  The  tap  is  then  oi)ened,  when  the  acid 
flows  downwards  into  the  alkaline  mixture,  and  in  the  course  of  a  few  minutes 
dissolves  the  iron  hydrates,  forming  a  clear  solution.  This  is  then  run  off  into  a 
porcelain  dish,  and  then  titrated,  either  with  permanganate  or  bichromate,  con- 
veniently of  the  strength  that  1  c.c.  =  l  c.c.  of  dissolved  oxygen  at  N.TP. 

In  the  authors'  experiment  the  separating  funnel  had  a  capacity  of  332'5  c.c, 
and  its  tube  contained,  when  nearly  full,  about  8  c.c.  of  diluted  sulphuric  acid. 
About  7  c.c.  of  the  water  was  removed,  5  c.c.  of  standard  ferrous  sulphate 
solution  added,  and  about  2  c.c.  of  strong  ammonia.  The  ferrous  sulphate 
solution  contained  about  12  gm.  of  the  crystallized  salt  in  250  c.c.  of  distilled 
water.  It  was  standardized  for  each  determination  by  titrating  5  c.c.  in  a 
porcelain  basin,  mixed  with  the  same  volume  of  the  water  under  examination  as 
employed  in  the  dissolved  oxygen  determination  and  the  same  volume  of  acid. 

For  all  practical  purposes  the  dissolved  oxygen  contained  in  the  volume  of 
water  which  the  separating  funnel  holds  amounts  to  the  difference  between  the 
burette  readings  for  the  blank  experiment  and  for  the  actual  determination. 

It  was  found  that  for  sea-water  and  sewage  effluents  bichromate  gives  more 
accurate  results  than  permanganate. 

The  results  obtained  by  this  method  when  comi)ared  with  that  by 
Roscoe  and  Liint,  or  the  gasometric  analysis,  diifered  very  slightly. 

Hydrogen  Peroxide. 

H,C\  =  34. 

This  substance  is  now  largely  used  in  commerce,  and  is  sold  as 
containing  5,  10,  or  20  volumes  of  oxygen  in  solution.  This  should 
mean  that  the  sj)ecified  number  of  volumes  cau  be  obtained  from  the 
solution  itself ;  but  preparations  are  sent  into  the  market  under  false 
pretences.  A  so-called  10  volume  solution  gives,  it  is  true,  10  volumes 
of  0  when  decomposed  gasometrically  with  permanganate,  but  5 
volumes  of  the  0  comes  from  the  i)emianganate  itself,  and  therefore 
such  a  solution  is  really  only  5  volume.  A  true  10  volume  solution 
should  yield  from  itself,  when  fully  decomposed,  ten  times  its  volume 
of  O,  and  contain  by  weight  3*04  per  cent,  of  H.2O2  or  1*43  per  cent, 
by  weight  of  0. 
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Kingzett  (/.  C.  S.  1880,  792)  has  shown  that  the  best  estimation 
of  the  liydrogen  peroxide,  contained  in  any  given  solution  of  it,  is 
made  by  ioiline  and  thiosulphate  in  the  presence  of  a  tolerably  large 
excess  of  sulphuric  acid,  the  reaction  l>eing — 

2HI  +  ll202=2H20  +  Ia. 

The  function  performed  by  the  sulphuric  acid  is  ditticult  of 
explanation,  but  the  want  of  uniformity  in  the  reaction  experienced 
by  many  operatoi's  no  doubt  has  arisen  from  the  use  of  insufficient 
acid. 

Method  of  Procedure:  This  in  done  by  mixing  10  c.c.  of  the  peroxide 
Rolutiou  to  be  examined  with  about  30  c.c.  of  dilute  sulphuric  acid  (1  :  2)  in  a 
beaker,  adding  crystals  of  potassium  iodide  in  Hufiicient  quantity,  and  after 
standing  five  minutes  titratmg  the  liberated  iodine  with  ^/lo  thiosulphate  and 
starch.  The  peroxide  solution  should  not  exceed  the  stren^h  of  2  volumes ;  if 
stronger,  it  must  be  diluted  proportionately  before  the  titration. 

In  the  case  of  a  very  weak  solution  it  will  be  advisable  to  titrate  with  ^/loo 
thiosulphate. 

1  c.c.  ^Iio  thio8ulpliate= 000085  gin.  HaOj  or'00008  gm.  O. 

A  method  of  estimating  the  oxygen  in  hydrogen  peroxide  by 
permanganate  was  inserted  in  a  previous  edition  of  this  book,  but 
exj)erience  has  proved  it  to  be  useless. 

Carpenter  and  Nicholson  {Analyst  ix.  36)  rejwrt  a  series  of 
experiments  on  the  analysis  of  hydrogen  j)eroxide,  both  by  the  iodine 
and  permanganate  metlimls. 

The  conclusion  they  arrive  at  is,  that  the  jn'ocess  of  Kingzett  is 
accurate,  but  in  their  han«ls  somewliat  tedious,  owing  to  slow 
decomjM)sition  towards  the  en«l.  Kingzett  however  states  that  if 
a  volume  of  strong  sulpliuric  acid  equal  to  the  peroxide  taken  be 
u.sed,  and  especially  if  the  dilute  solution  be  slightly  warmed,  the 
reaction  is  complete  in  a  few  minutes,  and  this  is  my  own  exj)erience. 

A  number  of  cx[)eriments  have  been  made  by  C.  Smith 
{C.  N.  Ixxx.  194),  as  to  the  value  of  titrimetric  and  gasometric 
methods  of  ascertaining  the  amoinit  of  oxygen  in  H2O.2,  if  it  contains 
any  preservative  such  as  glycerin,  boric  acid,  boroglycerin,  salicylic 
acid,  etc.  The  result  was  to  show  that  the  iodine  and  thiosulphate 
method  gives  accurate  effects  with  any  of  the  preservatives  tried,  and 
in  the  presence  of  large  pro|)ortion8  of  glycerin,  whereas  the 
permanganate  methods  both  titrimetric  and  gasometric  were  valueless. 

Sodimn  Peroxide. 

L.  Archbutt  (Analyst  xx.  5)  gives  the  results  of  some  experiments 
on  the  estimation  of  the  oxygen  contained  in  this  substance,  and 
found  tbat  a  near  approximation  to  the  truth  could  be  obtained  by 
simple  titration  with  permanganate,  the  j>eroxide  (one  or  two 
decigrams)  being  added  to  cold  water  acidified  with  HgSO^  contained 
in  a  white  dish,  and  ^/lo  permanganate  dropped  in  with  stirring,  until 
the  colour  became  permanent ;  but  a  more  exact  method  would  bo  to 
add  a  known  weight  of  the  peroxide  to  an  excess  of  ^/^q  per- 
manganate, previously  mixed  with  dilute  H^SO^,  and  titrate  for  the 
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excess  of  permanganate  with  ^/lo  oxalic  acid.  Arch  butt,  however, 
prefers  to  use  the  nitrometer,  and  recommends  the  following 
procedure :  about  0*25  gm.  of  the  substance  is  placed  in  the  dry  tube 
of  the  nitrometer  flask,  and  in  the  flask  itself  about  5  c.c.  of  pure 
water,  containing  in  suspension  a  few  milligrams  of  precipitated  cobalt 
sesqui-oxide ;  this  latter  reagent  brings  about  a  rapid  and  complete 
decomposition  of  the  peroxide,  the  volume  of  oxygen  evolved  being 
the  available  oxygen  in  the  sample. 

PHOSFHOBIC  ACID  AND  PHOSPHATES. 

PA  =  142. 

§  73.  The  estimation  of  phosphoric  acid  volumetrically  may  be 
done  with  more  or  less  accuracy  by  a  variety  of  processes,  among 
which  may  be  mentioned  that  of  Mohr  as  lead  phosphate,  the  indirect 
method  as  silver  phosphate  (the  excess  of  silver  being  found  by 
thiocyanate),  by  standard  uranium  nitrate  or  acetate,  by  Pem be r ton's  . 
method  as  phospho-molybdate,  or  when  existing  only  as  monocalcic 
phosphate,  by  standard  alkali,  as  recommended  by  Mollenda  or 
Emmerling.  These  processes  are  mainly  useful  in  the  case  of 
manures,  or  the  raw  phosphates  from  which  manures  are  manufactured, 
and  for  PgOg  in  urine,  etc.  For  the  purpose  mentioned,  tliat  is  to 
say,  when  in  combination  with  alkaline  or  earthy  alkaline  bases  and 
moderate  quantities  of  iron  or  alumina,  phosphoric  acid  may  be 
estimated  volumetrically  with  very  fair  accuracy,  and  with  much 
greater  rapidity  than  by  gravimetric  means  as  usually  carried  out. 
This  remark,  however,  can  only  l>e  applied  to  uranium  or  molybdenum 
methods ;  therefore  only  these  will  be  described. 

1.    Precipitation  as  Uraniiim  Phosphate  in  Acetic  Acid 

Solution. 

This  method  is  based  on  the  fact  that  when  uranium  acetate  or 
nitrate  is  added  to  a  neutral  solution  of  tribasic  phosphoric  acid, 
such,  for  instance,  as  sodium  orthophosphate,  the  whole  of  the  phos- 
phoric acid  is  thrown  down  as  yellow  uranium  phosphate  UrgOo, 
PgOg  +  Aq.  Should  the  solution,  however,  contain  free  mineral  acid, 
it  must  be  neutralized  with  an  alkali,  and  an  alkaline  acetate  added, 
together  with  excess  of  free  acetic  acid.  In  ca«e  of  using  ammonia 
and  ammonium  acetate,  the  whole  of  the  phosphoric  acid  is  thrown 
down  as  double  phosphate  of  uranium  and  ammonia,  having  a  light 
lemon  colour,  and  the  composition  UrgOg  2(NH40),  P.2O5  + Aq.  When 
this  precipitate  is  washed  with  hot  water,  dried  and  burned,  the 
ammonia  is  entirely  dissipated  leaving  ui-anium  phosphate,  which 
possesses  the  formula  llr203,  P2O5,  and  contains  in  100  parts  80*09 
of  uranium  oxide  and  19*91  of  phosphoric  acid.  In  the  presence 
of  fixed  alkalies,  instead  of  ammonia,  the  precipitate  consists  simply 
of  uranium  phosphate.  By  tliis  method  phosphoric  acid  may  be 
completely  removed  from  all  the  alkalies  and  alkaline  earths;  also, 
with  a  slight  modification,  from  iron ;  not,  however,  satisfactorily 
from  alumina  when  present  in  any  quantity. 
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The  details  of  the  gravimetric  process  were  fully  described  by  me 
(C  N,  i.  97,  122),  and  immediately  after  the  publication  of  that 
article,  while  employed  in  further  investigation  of  the  subject, 
I  devised  the  volumetric  method  now  to  be  described.  Since  that 
time  it  has  come  to  my  knowledge  that  Neubauer*  and  Pincust 
had  independently  of  each  other  and  myself  arrived  at  the  same 
process.  This  is  not  to  be  wondered  at,  if  it  be  considered  how  easy 
the  step  is  from  the  ordinary  determination  by  weight  to  that  by 
measure,  when  the  delicate  reaction  between  uranium  and  potassium 
ferrocyanide  is  known.  Moreover,  the  great  want  of  a  really  good 
volumetric  process  for  phosphoric  acid  in  place  of  those  hitherto  used 
has  been  felt  by  all  who  have  anything  to  do  with  it,  and  consequently 
the  most  would  be  made  of  any  new  method  possessing  so  great  a 
claim  to  accuracy  as  the  gravimetric  estimation  of  phosphoric  acid 
by  uranium  undoubtedly  does. 

Conditions  under  which  approximate  accuracy  may  be 
insured. — Objections  have  been  urged,  not  without  reason,  that  this 
process  is  inaccurate,  because  varying  amounts  of  saline  substances 
have  an  influence  upon  tlie  production  of  colour  with  the  indicator. 
Again,  that  very  different  shades  of  colour  occur  with  lapse  of  time. 
This  is  all  true,  and  the  analysis  is  unfortunately  one  of  that  cla.ss  which 
requires  uniform  conditions ;  but  wlien  the  source  of  irregularity  is 
known,  it  is  not  difficult  to  obviate  them.  Therefore  it  is  absolutely 
essential  that  the  standardizing  of  the  uranium  solution  should  be 
done  under  the  same  conditions  as  the  analysis.  For  instance,  a 
different  volume  of  uranium  will  be  required  to  give  the  colour  in 
the  presence  of  salts  of  ammonia  to  that  which  would  be  necessary 
with  the  salts  of  the  fixed  alkalies  or  alkaline  earths.  But  if  the 
standard  solution  is  jmrposely  adjusted  with  ammonia  salts  in  about 
the  same  proportion,  the  difficulties  are  less.  Fortunately  this  can  be 
easily  done,  and  as  the  chief  sul>stances  requiring  analysis  are  more 
or  less  ammoniacal  in  their  comj)08ition,  such  as  urine,  manures,  etc., 
no  practical  difficulty  need  occur. 

Excessive  quantities  of  alkaline  or  earthy  salts  modify  the  colour, 
but  especially  is  it  so  with  acetate  or  citrate  of  ammonia.  For  this 
reason  it  is  necessary  to  ensure  the  complete  washing  of  the  citn)- 
magnesian  j)recipitate,  where  that  method  of  separating  P2O5  is 
adopted  j)revious  to  titration.  With  all  my  experience  of  this  method 
I  cannot  contend  that  it  is  an  absolutely  accurate  one,  but  it  is  never- 
theless a  very  rapid  and  convenient  one  for  manure  manufacturers  in 
testing  superphosphates  and  other  phosphate  fertilizers. 

2.  Estimation  of  Phosphoric  Acid  in  combination  with 
Alkaline  Bases,  or  in  presence  of  small  quantities 
of  Alkaline  Earths. 

The  necessary  materials  are — 

(a)     A  standard  solution  of  uranium  1  c.c.= 0*005  gm.  1^)5. 

*  Arehiv.f&r  witBenBchdftliche  HeUkunde.,  ir.  228. 
t  Journal  f&r  Prdkt.  Ch  m.  Ixxvi  104. 
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(b)  A  standard  solution  of  tribasic  j)hosphorie  acid. 

(c)  A  solution  of  sodium  acetate  in  dilute  acetic  acid,  made  by 
dissolving  100  gm.  of  sodium  acetate  in  water,  adding  50  c.c.  of 
glacial  acetic  acid,  and  diluting  to  1  liter.  Exact  quantities  are  not 
necessary. 

(d)  A  freshly  prepared  solution  of  ])otassium  ferrocyanide,  or 
some  finely  powdered  pure  crystals  of  the  same  salt. 

Standard  Solution  of  Uranium. — This  solution  may  consist 
either  of  uranium  nitrate  or  acetate.*  An  approximate  solution  is 
obtained  by  using  about  35  gm.  of  either  salt  to  the  liter.  In  using 
uranium  nitrate  it  is  imperative  that  the  sodium  acetate  should  be 
added  in  order  to  avoid  the  possible  occurrence  of  free  nitric  acid  in 
the  solution.  With  acetate,  however,  it  may  be  omitted  at  the 
discretion  of  the  operator,  but  it  is  important  that  the  method  used 
in  standardizing  the  uranium  be  invariably  adhered  to  in  the  actual 
analysis.  The  solution  should  be  perfectly  clear  and  free  from  basic 
salt.  Whether  made  from  acetate  or  nitrate,  it  is  advisable  to  include 
about  50  c.c.  of  pure  glacial  acetic,  or  a  corresjx>nding  quantity  of 
weaker  acid  to  each  liter  of  solution ;  exjwsure  to  light  has  then  less 
reducing  action. 

My  own  practice  is  to  use  in  all  cases  acetate  solution,  and  dispense 
entirely  with  the  addition  of  sodium  acetate. 

3.    Titration  of  the  Uranium  Solution. 

Standard  Phosphoric  Acid. — When  the  uranium  solution  is  not 
required  for  phosphate  of  lime,  it  may  be  titrated  upon  ammonio- 
sodium  phosphate  (microcosmic  salt)  as  follows : — 5*886  gm.  of  the 
crystallized,  non-effloresced  salt  (previously  powdered  and  pressed 
between  bibulous  paper  to  remove  any  adliering  moisture)  are  weighed, 
dissolved  in  water,  and  diluted  to  1  liter.  50  c.c.  of  tliis  solution 
will  represent  0-1  gm.  of  p2^^-t 

Method  of  Procedure  :  50  c.c.  of  this  solution  are  measured  into  a  small 
beaker,  5  c.c.  sodium  acetate  solution  added  if  uranium  nitrate  is  to  be  used,  and 
the  mixture  heated  to  90°  or  100^  C.  The  uranium  solution  is  then  delivered  in 
from  a  burette,  divided  into  -^  c.c,  until  a  test  taken  shall  show  the  slight  pre- 
dominance of  uranium.  This  is  done  by  spreading  a  drop  or  two  of  the  hot 
mixture  upon  a  clean  white  level  plate,  and  bringing  in  contact  with  the  middle 
of  the  drop  a  small  glass  rod  moistened  with  the  freshly  made  solution  of 
ferrocyanide,  or  a  dust  of  the  powdered  salt.  The  occurrence  of  a  faint  brown 
tinge  shows  an  excess  of  uranium,  the  slightest  amount  of  which  produces  a 
brown  precipitate  of  uranium  ferrocyanide. 

*  Some  operators  object  to  the  use  of  acetate,  the  reason  for  which  I  cannot  understand. 
It  stands  to  reason  that  as  with  the  use  of  nitrate  there  has  to  be  a  considerable  quantity 
of  sodium  acetate  used  to  prevent  the  occurrence  of  free  HNOj,  the  same  conditions 
practicaUy  occur  us  if  uranium  acetate  was  used.  The  real  reason,  I  believe  is  that  it  is 
rather  di£Scult  to  proctire  pure  acetate.  In  the  course  of  some  thousands  of  titrations, 
I  have  found  no  advantage  in  using  nitrate,  and  acetate  needs  no  corrector  to  complicate 
the  process  as  is  the  case  with  nitrate. 

fW.B. Giles,  who  has  had  great  experience  in  the  determination  of  phosphoric  acid 
in  various  forms,  has  called  my  attention  to  dihydric  potassium  phosphate,  KH3PO4,  as 
an  excellent  form  of  salt  for  a  standard  solution.  The  sample  sent  to  me  was  in  beautifnllr 
formed  crystals  which  do  not  alter  on  exposure  to  the  air,  and  makes  a  solution  whtcu 
keeps  clear.  Every  one  knows  how  unsatisfactory  sodium  phosphate  is,  both  as  to  its 
state  of  hydration  and  its  keeping  qualities  in  solution  :  the  microcosmic  »ilt  is  better,  but 
is  open  to  objection  on  the  score  of  indefinite  l^dration.  If  the  potassium  salt  is  used, 
a  standard  solution  of  the  proper  strength  is  made  by  dissolving  3*»  gm.  in  a  liter. 
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A  second  or  third  titration  is  then  made  in  the  same  way,  so  as  to 
arrive  exactly  at  the  strength  of  the  uranium  sohition,  which  is  then 
diluted  and  re-titrated,  imtil  exactly  20  c.c.  are  recjuired  to  produce 
the  necei^sary  reaction  with  50  c.c.  of  jihosphate. 

Supj)08e  18'7  c.c.  of  the  uranium  solution  have  been  required  to 
pro<luce  the  colour  with  50  c.c.  of  ])]i()sphate  solution,  then  every 
18*7  c.c.  will  have  to  he  diluted  to  20  c.c.  in  order  to  he  of  the 
proper  strength,  or  935  to  1000.  After  dilution,  two  or  three  fresh 
trials  must  he  made  to  insure  accumcv. 

It  is  of  considerable  importance  that  the  actual  experiment  for 
estimating  phos])horic  acid  by  means  of  the  uranium  solution  should 
take  place  witli  about  the  same  bulk  of  fluid  that  lias  been  used  in 
standardizing  the  solution,  and  the  production  of  the  same  depth  of 
colour  in  testing.  Hence  the  proportions  here  recommended  have 
been  chosen,  so  that  50  c.(;.  of  liquid  shall  contain  0"1  gm.  of  1*2^5. 

Standard  Phosphoric  Acid  corresponding  volume  for 
volume  with  Standard  Uranium. — This  solution  is  obtamed  by 
dissolving  14*715  gm.  of  microcosmic  salt  in  a  litfir,  and  is  two  and 
a  half  times  the  strength  of  the  solution  before  de^^cribed  ;  it  is  used 
for  residual  titration  in  case  the  reciuired  volume  of  uranium  is  over- 
stepped in  any  given  analysis. 

A  little  practice  enables  the  o])erator  to  tell  very  (piickly  the 
precise  point ;  but  it  must  be  remembered  that  when  the  two  drops 
are  brought  together  for  the  ]>roduction  of  the  chocolate  colour,  how- 
ever fault  it  seems  at  first,  if  left  for  some  little  time  the  colour 
increases  considerably  ;  but  this  has  no  effect  u])on  the  accuracy  of 
the  ]>rocess,  since  the  original  standanl  of  the  solution  has  l)een  based 
on  an  ex])eriment  conducted  in  precisely  the  sanu*  way. 

Method  of  Prockdirk  :  In  estimating  unknown  (juantitien  of  PgOj  it  is 
necessary  to  liave  an  approximate  knowledge  of  the  amount  in  any  given 
material,  so  as  to  fulfil  as  nearly  as  possible  the  conditions  laid  down  above ;  that 
is  to  say,  50  c.c.  of  solution  shall  contain  about  01  gm.  P3O5,  or  whatever  other 
proportion  may  liave  been  used  in  standardizing  the  uranium. 

The  compound  containing  the  P2O5  to  be  estimated  is  dissolved  in  water;  if  no 
ammonia  is  present,  1  c.c.  of  10  per  cent,  solution  is  dropped  in  and  neutralized 
with  the  least  possible  quantity  of  acetic  acid  (also  5  c.c.  of  sodium  acetate  if 
uranium  nitrate  lia*<  to  be  used),  and  the  volume  made  up  to  about  60  c.c,  then 
heated  to  about  1K)°  C.  on  the  water  bath,  and  the  uranium  solution  delivered  in 
cautiously,  with  frequent  testing  as  above  described,  until  the  faint  brown 
tinge  appears. 

The  first  trial  will  give  roughly  the  amount  of  solution  required,  and  taking 
that  as  a  guide,  the  operator  can  varv  the  amount  of  liquid  for  the  final  titration, 
should  the  proi>ortions  be  found  widely  differing  from  those  under  which  the 
strength  of  the  uranium  was  originally  fixed. 

Each  c.c.  of  uranium  solution =0*005  gm.  P2O5. 

4.  Estimation  of  Phosphoric  Acid  in  combination  with  Lime 
and  Magnesia  (Bones,  Bone  Ash,  Soluble  Phosphates, 
and  other  Phosphatic  Materials,  f^ee  f^om  Iron  and 
Alumina). 

The  procedure  in  these  cases  differs  from  the  foregoing  in  two 
respects  only;    that   is    to  say,   the  uranium  solution   is  preferably 
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standardized  by  tribasic  calcium  phosphate;  and  in  the  process  of 
titration  it  is  necessary  to  add  nearly  the  full  amount  of  uranium 
required  before  heating  the  mixture,  so  as  to  prevent  the  precipitation 
of  calcium  phosphate,  which  is  apt  to  occur  in  acetic  acid  solution 
when  heated ;  or  the  modification  adopted  byFresenius,  Neiibauer, 
and  Luck,  may  be  used,  which  consists  in  reversing  the  process  by 
taking  a  measured  volume  of  uranium,  and  delivering  into  it  the 
solution  of  phosphate  until  a  drop  of  the  mixture  ceases  to  give  a 
brown  colour  with  ferrocyanide.  This  plan  gives,  however,  much 
more  trouble,  and  possesses  no  advantage  on  the  score  of  accuracy, 
because  in  any  case  at  least  two  titrations  must  occur,  and  the  first 
being  made  somewhat  roughly,  in  the  ordinary  way,  shows  within 
1  or  2  c.c.  the  volume  of  standard  uranium  required ;  and  in  the  final 
trial  it  is  only  necessary  to  add  at  once  nearly  the  quantity,  then 
heat  the  mixture,  and  finish  the  titration  by  adding  a  drop  or  two 
of  uranium  at  a  time  imtil  the  required  colour  is  obtained. 

This  reversed  process  is  strongly  advocated  by  many  operators, 
but  except  in  rare  instances  I  fail  to  see  its  superiority  to  the  direct 
method  for  general  use.  The  best  modification  to  adopt  in  the  reverse 
process  is  to  use  invariably  an  excess  of  uranium,  and  to  titrate  back 
with  standard  phosphate  solution  till  the  colour  disappears;  this 
avoids  all  the  trouble  of  preparing  and  cleaning  a  burette  for  the 
solution  to  be  analyzed,  and  if  a  standard  phospliate  is  made  to 
correspond  volume  for  volume  with  the  uranium,  an  analysis  may 
always  be  brought  into  order  at  any  stage. 

Standard  Caloiiun  Phosphate. — It  is  not  safe  to  depend  upon 
the  usual  preparations  of  tricalcium  phosphate  by  weighing  any  given 
quantity  direct,  owing  to  uncertainty  as  to  the  state  in  wliich  the 
phosphoric  acid  may  exist ;  therefore,  in  order  to  titrate  the  uranium 
solution  with  calcium  phosphate,  it  is  only  necessary  to  take  rather 
more  than  5  gm.  of  precipitated  pure  tricalcium  phosphate  such  as 
occurs  in  commerce,  dissolve  it  in  a  sliglit  excess  of  dilute  hydrochloric 
acid,  precipitate  again  with  a  slight  excess  of  annnonia,  re-dissolve  in 
a  moderate  excess  of  acetic  acid,  then  dilute  to  a  liter ;  by  this  means 
is  obtained  a  solution  of  acid  monocalcium  phosphate,  existing  under 
the  same  conditions  as  occur  in  the  actual  analysis.  In  order  to 
ascertain  the  exact  amount  of  tribasic  phosphoric  acid  present  in 
a  given  measure  of  this  solution,  two  portions  of  50  c.c.  each  are 
placed  in  two  beakers,  each  holding  about  half  a  liter.  A  slight 
excess  of  solution  of  uranium  acetate  or  nitrate  is  then  added  to  each, 
together  with  about  10  c.c.  of  the  acetic  solution  of  sodium  acetate; 
they  are  then  heated  to  actual  boiling  on  a  hot-plate  or  sand-bath,  the 
beakers  tilled  up  with  boiHng  distilled  water,  and  then  set  aside  to 
settle,  which  occurs  very  speedily.  The  supernatant  fluid  should  be 
faintly  yellow  from  excess  of  uranium.  WTien  perfectly  settled,  the 
clear  liquid  is  poured  off  as  closely  as  possible  without  disturbing  the 
precipitate,  and  the  beakers  again  filled  up  with  boiling  water.  The 
same  should  be  done  a  third  time,  when  the  precipitates  may  be 
brought  on  two  filters,  and  need  very  little  further  washing. 
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When  the  filtration  is  complete,  the  filters  are  dried  and  ignited 
separate  from  the  precipitate,  taking  care  to  burn  off  all  curbon. 
Before  l>eing  weighed,  however,  the  uranium-phosphate  must  be 
moistened  with  strong  nitric  acid,  dried  i)erfectly  in  the  water-bath  or 
oven,  and  again  ignited ;  at  first,  very  gently,  then  strongly,  so  as  to 
leave  a  residue  when  cold  of  a  pure  light  lemon  colour.  This  is 
uranium  phosphate  \Jt./  )^,  1^2^  ^5>  ^^®  percentage  comjwsition  of  which 
is  80*09  of  uranium  oxide,  and  19*91  of  phosphoric  acid. 

The  two  precipitates  are  accurately  weighed,  and  should  agree  to 
within  a  trifle.  If  they  differ,  the  mean  is  taken  to  represent  the 
amount  of  PjO^  in  the  given  quantity  of  tricalcium  phosphate,  from 
which  may  l>e  calculated  the  strength  of  the  s()luti<m  to  l)e  used  as 
a  standard.  Of  course  any  other  accurate  method  of  determining  the 
PjOj  may  l)e  used  in  place  of  this. 

Tlie  actual  standanl  required  is  5  gm.  of  pure  tricalcium  phosphate 
per  liter ;  and  it  sbould  be  adjusted  to  this  strength  by  dilution,  after 
the  actual  strength  has  been  found.  In  this  way  is  obtained 
a  standard  which  agrees  exactly  with  the  analysis  of  a  superphosphate 
or  other  similar  manure. 

Standard  Uraniiun  Solution. — Tliis  is  l^est  adjusted  to  such 
strength  tliat  25  c.c.  are  re^iuired  to  give  the  faint  chocolate  colour 
with  ferrcxjyanide,  when  50  c.c.  of  the  standard  acetic  solution  of 
calcium  phosphate  are  taken  for  titration.  Working  in  this  manner 
each  c.c.  of  uranium  solution  reprej^ents  1  per  cent,  of  soluble 
tricalcium  phosphate,  when  1  gm.  of  manure  is  taken  for  analysis, 
because  50  c.c.  of  the  calcium  phosphate  will  contain  numocalcium 
phospliate  ci\\m\  to  0*25  gm.  of  CayP^Og  and  will  require  25  c.c.  of 
uranium  solution  to  balance  it. 

Tliese  standanls  are  given  tis  convenient  for  manures,  Imt  they  may 
be  mo<lifiod  to  suit  any  jmrticular  purpose. 

The  method  with  Superphosphates  free  from  Fe  and  Al.  except 
IN  mere  traces,  is  as  follows:  —10  gin.  of  the  substance  are  weighed,  plac^.'d 
in  a  small  j^lass  mortar  and  ^t'litly  broken  down  by  the  pt»«tle,  cold  water  beins^ 
u»ed  lo  brin^  it  to  a  smooth  cream.  The  material  should  not  be  ground  or 
rubbed  hard,  which  mi^'ht  cause  the  solution  of  some  insoluble  pho.sphate  in  the 
concentrated  mixture.  The  creamy  substance  is  washed  gradually  without  loss 
into  a  measuring  flask  marked  at  503*5  c.c,  the  3*5  c.c.  bein^  the  space  occupied 
by  the  insolu})le  matters  in  an  ordinary  25  to  30  per  cent.  suiKjrphosphate.  The 
flask  is  filled  to  the  mark  with  cold  water,  and  shaken  every  few  minutes  during 
about  half-an-hour.  A  i)ortion  is  then  filtered  through  a  dry  filter  into  a  dry 
beaker,  and  50  c.c.»l  gm.  of  manure  measured  into  a  beaker  holding  about 
100  c.c.  Suflicient  10  per  cent,  ammonia  is  then  added  to  precipitate*  the 
mouocalcium  phospliate  in  the  fonn  of  CasPjOg  (in  all  ordinary  superphosphates 
there  is  enough  Ca  pR^sent  as  sulpliate  to  ensure  this,  and  four  or  five  drops  of 
ammonia  j?enerally  suffice  to  effet^t  the  precipitation).  Acetic  acid  is  then  added 
in  just  sutlicient  quantity  to  render  the  liquid  clear.  Should  tra(*es  of  gelatinous 
AIPO4  or  FeP04  occur  at  this  sta>?e,  the  liquid  will  })e  slightly  oimlesceut ;  but 
this  may  be  disregarded  if  only  slight,  as  the  subsequent  heating  will  enable  the 
uranium  to  decompose  it.  If  more  than  traces  occur,  the  method  will  not 
be  accurate,  and  recourse  must  be  had  to  seixaration  by  the  citro-maj^nesium 
solution. 

While  the  liquid  is  still  cold,  a  measured  volume  of  the  standard  uranium  is 
run  in  with  stirring,  and  occasional  drops  are  taken  out  with  a  >(lass  rod,  and  put 
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in  contact  ^ith  some  ferrocyanide  indicator  sprinkled  on  a  white  plate  until  a 
faint  colour  occurs.  The  beaker  is  then  placed  in  the  water-bath  for  a  few 
minutes,  and  again  the  mixture  tested  with  the  indicator :  after  heating  in  this 
way  the  testing  ought  to  show  no  colour.  More  uranium  is  then  added  with 
stirring,  and  drop  by  drop  till  the  proper  reaction  occurs.  This  titration  is  only 
a  guide  for  a  second,  which  may  be  made  more  accurate  by  running  in  at  once 
very  nearly  the  requisite  volume  of  uranium. 

This  operation  may  be  reversed,  if  so  desired,  by  making  the  clear 
solution  of  phosphate  up  to  a  definite  volume  (say  60  c.c.),  and 
running  it  from  a  burette  into  a  measured  volume  of  uranium  until 
a  test  taken  shows  no  colour. 

6.  Estimation  of  Phosphoric  Acid  in  Minerals  or  other 
substances  containing  Iron,  Alumina,  or  other  dis- 
turbing matters. 

In  order  to  make  use  of  any  volumetric  process  for  this  purpose 
the  phosphoric  acid  must  be  separated.  As  has  been  already  described, 
this  may  be  done  either  as  molybdenum  phosphate  followed  by 
solution  in  NHg,  and  again  precipitated  with  ordinary  magnesia 
mixture,  or  direct  separation  by  the  citro-magnesium  mixture  described 
below.  In  either  case  the  ammonio-magnesium  salt  is  dissolved  in 
the  least  possible  quantity  of  nitric  or  hydrochloric  acid,  neutralized 
with  ammonia,  acidified  with  acetic  acid,  and  the  titration  with 
uranium  carried  out  as  before  described. 

6.    Joulie's  Method. 

This  dilfei's  somewhat  from  the  foregoing,  and  may  be  summarized 
as  follows  (Munro,  C.  N.  Hi.  85). 

Joulie  applies  the  citro-magnesium  method  to  all  phosphates, 
whether  containing  iron  and  alumina  or  not,  and  prefers  nitrate  to 
acetate  of  uranium. 

Method  of  Procedure  :  1  to  10  gm.  of  the  sample  are  dissolved  in  HCl. 
Some  chemists  use  nitric  acid  with  a  view  of  leaving  as  much  ferric  oxide  as 
possible  undissolved.  This  couree  is  condemned  by  the  author,  because  the 
presence  of  ferric  salts  in  no  way  interferes  with  the  process,  and  because 
HCl  is  a  much  better  solvent  of  mineral  phosphates  than  nitric  acid,  and 
leaves  a  residue  free  from  iron,  by  the  whiteness  of  which  one  may  judge  of 
the  completeness  of  the  attack.  In  the  case  of  phosphates  containing  a  little 
pyrites,  nitric  acid  should  be  used  in  conjunction  with  hydrochloric.  The 
removal  of  silica  by  evaporation  to  dryness  is  necessary  only  in  those  cases  where 
the  sample  contains  silicates  decomposable  by  HCl,  with  separation  of  gelatinous 
silica.  The  sample  is  boiled  with  the  acid  in  a  measuring  flask  until  the  residue 
is  perfectly  white,  the  contents  are  cooled,  made  up  to  the  mark  with  cold  water, 
mixed,  filtered  through  a  dry  filter,  and  such  a  fraction  of  the  filtrate  withdrawn 
by  a  pipette  as  contains  about  50  m.gm.  of  PjOj.  The  sample  being  delivered 
from  the  pipette  into  a  small  beaker,  10  c.c.  of  citro-magnesium  solution  are 
added,  and  then  a  large  excess  of  ammonia.  If  this  quantity  of  citro-magnesium 
solution  is  sufficient,  no  precipitate  will  form  until  the  lapse  of  a  few  moments ; 
should  an  immediate  precipitate  form,  it  is  iron  or  aluminium  phosphate.  In 
this  ca.«e  a  fresh  sample  must  be  pipetted  off,  and  20  c.c.  of  citro-magnesium 
solution  are  added ;  it  is  of  no  use  adding  another  10  c.c.  of  the  citric  solution  to 
the  original  sample,  as  the  precipitated  phosphates  of  iron  and  aluminium  do  not 
readily  redissolve  when  once  formed. 
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Citro-Maonesicm  Solution.— 27  gm.  of  pure  magnesium  carbonate  are 
added  by  degrees  to  a  solution  of  270  gm.  of  citric  acid  in  350  c.c.  of  warm 
water  ;  when  all  effervescence  is  over  and  the  liquid  cool,  about  400  c.c.  of 
solution  of  ammonia  are  added,  containing  10  per  cent,  of  NH3  (about  0*96  sp. 
gr.),  or  if  other  strength  is  u.«»ed,  enough  to  ensure  decided  excess  of  NHs:  the 
whole  is  then  diluted  to  a  liter,  and  preserved  in  a  well-stoppered  bottle. 

The  old  plan  of  adding  first  citric  acid  and  then  "  magnesia  mixture  "  to  the 
solution  under  analysis  frequently  leads  to  incomplete  precipitation  of  the 
phosphoric  acid,  because  the  ammonio-magnesium  phosjihate  is  slightly  soluble 
m  ammonium  citrate  unless  a  suflicient  excess  of  magnesium  salt  is  present,  and 
therefore  the  quantity  of  magnesium  salt  should  be  increased  paripajisu  with  the 
citric  acid  required,  which  is  best  done  when  they  are  in  solution  together.  The 
liquid  after  precipitation  is  allowed  to  stand  from  2  to  12  hours  (covered  to 
prevent  evaporation  of  ammonia),  and  then  decanted  through  a  small  filter.  The 
precipitate  remaining  in  the  beaker  is  washed  with  weak  ammonia  by  decantation, 
and  then  on  the  filter  until  the  filtrate  gives  no  precipitate  with  sodium 
phosphate.  Dilute  nitric  acid  is  next  poiired  into  the  beaker  to  dissolve  the 
precipitate  adhering  to  the  gUss,  thence  on  to  the  precipitate  on  the  filter.  The 
nitric  solution  is  received  in  a  beaker  holding  about  150  c.c.  and  marked  at  77  c.c. 
After  two  or  three  washings  with  acidulated  water  the  filter  itself  is  detached 
from  the  funnel  and  added  to  the  contents  of  the  beaker,  as  the  pai)er  is  found  to 
retain  traces  of  PjO^  even  after  many  washings.  Dilute  ammonia  is  next  added 
until  a  slight  turbidity  is  produced,  which  is  removed  by  the  addition  of  one  or 
two  drops  of  dilute  nitric  acid,  the  liquid  is  heated  to  boiling,  5  c.c.  of  the  sodium 
acetate  solution  added  (§  72.2 -r.),  and  the  titration  with  uranium  nitrate 
immediately  proceeded  with. 

The  Standard  Uranium  Nitrate  is  made  by  dissolving  about  40  gm.  of 
the  pure  crystals  in  800  c.c.  water,  adding  a  few  drops  of  ammonia  to  produce  a 
slight  turbidity,  then  acetic  acid  until  cleared,  and  diluting  to  1  liter.  Acetate 
of  uranium  should  not  be  used,  as  it  is  said  to  lessen  the  sensibility  of  the  end- 
reaction.  The  uranium  solution  is  titrated  with  10  c.c.  of  a  ."itandard  solution  of 
acid  ammonium  phosphate  containing  8"  10  gm.  of  the  pure  dry  salt  per  liter 
(1  c.c.  =0*005  gm.  P2O5).  The  ammonium  phosphate  solution  is  verified  by 
evaporating  a  measured  quantity  (say  60  c.c.)  of  it  to  dryness  with  a  measured 
quantity  of  a  solution  of  pure  ferric  nitrate  containing  an  excess  of  ferric  oxide, 
and  calcining  the  residue.  The  difference  in  weight  between  this  calcined 
residue  and  that  from  an  equal  volume  of  ferric  nitrate  solution  evai)orated  alone, 
is  the  weight  of  phosj>horic  anhydride  contained  in  the  50  c.c.  of  ammonium 
phosphate  solution.  The  actual  verification  ot  the  uranium  nitrate  is  performed 
by  measuring  ac<'urately  10  c.c.  of  the  anunonium  phosphate  into  a  beaker  marked 
at  75  c.c,  adding  5  cc.  of  the  sodium  acetate,  making  up  with  water  to  about 
30  cc,  and  heating  to  lx)iling.  9  cc  uranium  are  then  run  in  from  a  burette, 
and  the  liquid  tested  in  the  usual  way  with  ferrocyanide.  From  this  point  the 
uranium  is  added  two  or  three  drops  at  a  time,  until  the  end-reaction  just 
appears,  the  burette  being  rea<l  off  at  each  testing.  As  soon  as  the  faintest 
colouration  appears,  the  beaker  is  immediately  filled  to  the  mark  with  l)oiling 
distilled  water,  and  another  test  made.  If  the  oi)eration  has  been  properly 
conducted  no  brown  colour  will  be  detected,  owing  to  the  dilution  of  the 
liquid,  and  one  or  two  drops  more  of  the  uranium  solution  must  be  added 
l)efore  the  colour  becomes  evident,  and  the  burette  is  finally  read  off.  A  constant 
correction  is  subtracted  from  all  readings  obtained  in  this  way  :  it  is  the  quantity 
of  uranium  found  necessary  to  give  the  end-reaction  with  5  c.c.  of  the  sodium 
acetate  .solution  alone,  diluted  to  75  c.c.  with  boiling  water  as  above  described. 
The  end-|>oint  must  always  be  verified  by  adding  three  or  four  drops  of  uranium 
in  excess,  and  testing  again,  when  a  strongly  marked  colour  should  be  ])roduced. 
The  standard  uranium  is  made  of  the  same  strength  as  the  standard  ammonium 
phosphate,  in  order  to  eliminate  the  error  caused  by  changes  in  the  temi)erature 
of  the  laboratory.  The  actual  analysis  is  made  in  the  same  way  as  the  titration 
of  the  standard  uranium,  except  that  a  slight  error  is  introduced  by  the  number 
of  tests  that  have  to  be  made  abstracting  a  small  fraction  of  the  assay.  To 
correct  this,  a  second  estimation  should  always  be  made,  and  nearly  the  whole  of 
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the  uranium  found  necessary  in  the  first  trial  should  be  added  at  once.  Tests  are 
then  made  at  intervals  of  two  or  three  drops,  and  the  final  and  correct  result 
-should  slightly  exceed  that  obtained  in  the  first  trial. 

7.    Pemberton's  Original  Molybdio  Method. 

This  process,  with  all  the  steps  that  led  to  its  adoption,  and  the 
•difficulties  involved,  is  described  in  a  paper  read  before  the  chemical 
section  of  the  Franklin  Institute  in  1882  (C.  N,  xlvi.  4). 

The  process  is  based  on  the  fact  that,  if  a  standard  aqueous  solution 
of  ammonium  molybdate  be  added  to  one  of  phosphoric  acid,  in  the 
presence  of  a  large  proportion  of  ammonium  nitrate,  accompanied 
with  a  small  excess  of  nitric  acid,  and  heat  applied  to  the  mixture, 
the  whole  of  the  P2O5  is  immediately  and  completely  carried  down  as 
phospho-molybdate  quite  free  from  M0O3.  A  small  excess  of  the 
precipitant  renders  the  supernatant  liquid  clear  and  colourless,  and 
the  ratio  of  molybdenum  trioxide  to  phosphoric  anhydride  is  always 
the  same. 

The  weak  part  of  the  method  is  the  difficulty  in  finding  the  exact 
point  at  which  the  precipitation  is  ended,  because  the  yellow  precipitate 
does  not  settle  in  clots  like  silver  chloride,  and  hence  filtration  is 
necessary,  in  order  to  obtain  a  portion  of  clear  liquid  for  testing  with 
a  drop  of  the  molybdate. 

8.    Femberton's  later  Molybdio  Method. 

This  method,  a  full  description  of  which  is  given  in  /.  Ain,  C.  S, 
1894,  278,  is  one  which  requires  great  delicacy  of  manipulation,  but 
gives  excellent  results  with  all  the  alkaline  or  earthy  phosphates. 

A  final  arrangement  of  this  process  has  been  communicated  to  me  by 
B.  W.  Kilgore,  State  Chemist  in  the  Agricultural  Department, 
North  Carolina,  who  states  that  many  thousands  of  determinations  of 
PgOj  in  fertilizers  have  been  given  during  the  last  two  years  and  with 
great  satisfaction.     The  process  is  carried  out  as  follows  : — 

(a)  Method  of  Effecting  Solution  of  the  Phosphates. — Dissolve, 
by  boiling  on  a  sand-bath  to  10  to  15  c.c.  concentration,  2  gm.  substanoe  with 
30  c.c.  concentrated  nitric  acid  and  10  c.c.  hydrochloric  acid.  Cool  and  make  up 
to  200  c.c.  with  water.  In  substances  containing  much  iron  and  alumina  effect 
solution  with  30  c.c.  concentrated  hydrochloric  acid  alone. 

(b)  Deteemination. — For  percentages  of  PjOs  below  5,  measure  out  aliquot 
corresponding  to  0*4  gm.  substance;  for  percentages  between  5  and  20  use 
aliquot  corresponding  to  0*2  gm.  substance ;  and  for  percentages  above  20  use 
aliquot  corresponding  to  0*1  gm.  substance.  Place  the  ahquot  in  a  500  c.c. 
Erlenmeyer  flask  and  increase  the  bulk  of  solution  to  about  60  c.c.  with  water. 
Neutralize  excess  of  acid  with  ammonia  and  add  10  to  15  gm.  ammonium  nitrate, 
tjfie  quantity  depending  upon  the  amount  of  chlorides  present.  Cool,  add  30  c.c. 
of  recently  filtered  molybdic  solution  and  securely  stopper.  (Antimony  rubber 
stoppers  have  been  found  most  satisfactory  for  this  purpose.)  Place  the  flask  in 
a  shaking  machine  and  shake  for  30  minutes.  Remove  and  filter  through  carbon 
filter  by  means  of  suction. 

After  thoroughly  transferring  the  ammonium  phospho-molybdate  and  washing 
out  the  flask  on  to  the  asbestos  filter,  six  more  washings  are  given  the  precipitate. 
Then  remove  the  stopper  from  the  pressure  flask  with  the  small  end  of  the  carbon 
filter  still  stuck  through  it,  and  hold  upright  over  the  sink  and  wash  the  outside 
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free  from  acid  with  distilled  water.  Reverse  the  carhon  filter  into  the  mouth  of 
the  flask  that  originally  contained  the  precipitate,  still  holding  the  small  stem, 
and  by  means  of  the  copper  wire  tliat  extends  beyond  the  small  end  of  the  carbon 
filter,  push  out  the  disk,  asbestos  and  precipitate  into  the  flask  and  wash  the  disk 
and  inside  of  carbon  Alter  carefully  with  a  small  stream  of  water.  Dissolve  the 
precipitate  in  a  slight  excess  of  standard  alkali,  add  a  few  drops  of  phenolphthaleia 
solution  and  titrate  back  with  standard  (nitric)  acid,  using  a  long  stirring  rod  to 
thoroughly  agitate  during  the  operation. 

ApparatuB. 

(a)  Pbecipitatino  Flask.— This  consists  of  a  500  c.c.  Erlenmeyer  flask 
with  neck  40  m.m.  inside  diameter  and  rubber  stopper  to  At. 

(b)  Filtering  Device. — Through  a  rubber  stopper  in  a  16  ounce  pressure 
bottle  in  Erlenmeyer  form  is  passed  the  small  end  of  a  carbon  filter ;  in  the 
bottom  of  this  is  phiced  a  perforated  porcelain  plate  or  disk  to  which  is  rigidly 
fastened  a  No.  19  copper  wire,  about  25  cm.  long,  that  projects  downward  into 
the  pressure  bottle.  The  disk  is  covered  with  a  thin  layer  of  asbestos  prepared 
according  to  Gooch. 

(c)  Shaking  Machine. — Use  the  apparatus  devised  by  Wagner,  except 
that  the  cap  that  fits  over  the  top  of  the  flask  is  made  larger.  It  holds  10  flasks 
and  can  be  revolved  either  by  hand  or  motor.  The  machine  should  be  maintained 
at  40  to  50  revolutions  per  minute,  as  this  is  the  velocity  that  has  been  found  to 
give  the  maximum  agitating  efficiency. 

Preparation  of  Reagents. 

(a)  Standard  Potassium  Hydroxide  Solution. — This  solution  contains 
9*08553  gm.  of  potassium  hydroxide  to  the  liter.  It  is  prepared  by  diluting  to  1 
liter  161*19  c.c.  of  normal  potassium  hydroxide,  which  has  been  freed  from 
carbonates  by  dissolving  in  alcohol  distilled  over  sodium  or  potassium  hydroxide 
and  filtering  by  reverse  filtration.  The  standard  alkali  should  not  contain  more 
than  120  to  130  c.c.  of  alcohol  to  the  liter,  as  a  larger  amount  might  give  reduc- 
tion and  consequent  coloration  in  titration.  One  hundred  c.c.  of  this  solution 
should  neutralize  16*19  c.c.  normal  acid.  One  c.c.  is  equal  to  one-half  milligram 
PgOj  (one-half  per  cent.  P2O5  on  basis  of  0*1  gm.  substance).' 

(6)  Standard  Nitric  Acid  Solution.— The  strength  of  this  solution  is 
the  same  as  the  standard  alkali,  and  is  determined  by  titrating  against  that 
solution,  using  phenolphthalein  as  indicator. 

(c)  Phenolphthalein  Solution.— One  gm.  phenolphthalein  is  dissolved 
in  100  c.c.  alcohol. 

((f)  MoLYBDic  Solution.— Dissolve  100  gm.  of  molybdic  acid  in  417  c.c.  of 
ammonia,  specific  gravity  0*96,  and  pour  this  solution  slowly  into  1250  c.c.  of 
nitric  acid,  specific  gravity  1*20,  with  constant  agitation.  Keep  the  mixture  in 
a  warm  place  for  several  days  before  using,  in  order  that  all  ammonium  phospho- 
molybdate  may  be  precipitated. 

Distilled  Water. — All  washing  and  diluting  should  be  with  distilled  water. 
Distilled  water  obtained  from  water  containing  large  amount  of  bicarbonates  is 
liable  to  contain  considerable  carbon  dioxide  in  solution.  This  water  can  be  used 
in  i^^-ashing  the  ammonium  phosphomolybdate,  but  should  be  used  neither  ia 
transferring  the  precipitate  nor  in  diluting  before  titration.  Boiling  the  water 
prior  to  using  will  obviate  this  difficulty. 

There  are  other  volumetric  methods  suggested  by  various  chemists 
for  phosphoric  acid  mostly  consisting  of  alkaline  estimations,  but 
beyond  those  quoted  in  §  28,  I  have  found  none  of  easy  or  reliable^ 
etfects. 
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SILVER. 

Ag=  107-94. 

1  c.c.  or  1  dm.  ^/i©  sodium  chloride  =  0*010794  gm.  or  0*10794 
grn.  Silver;  also  0*016998  gm.  or  0*16998  gm.  Silver  nitrate. 

1.    Precipitation  with  ^  Sodium  Chlotide. 

§  74.  The  determination  of  silver  is  precisely  the  converse  of  the 
operations  described  under  chlorine  (§  54,  1  and  2),  and  the  process 
may  either  be  concluded  by  adding  the  sodium  chloride  till  no  further 
precipitate  is  produced,  or  potassium  chromate  may  be  used  as  an 
indicator.  In  the  latter  case,  however,  it  is  advisable  to  add  the  salt 
solution  in  excess,  then  a  drop  or  two  of  chromate,  and  titrate 
residually  with  ^/i©  silver,  till  the  red  colour  is  produced,  for  the 
excess  of  sodium  chloride. 

2.    By  AmmoniiLin  Thiocyanate. 

The  principle  of  this  method  is  fully  described  in  §  43,  and  need 
not  further  be  alluded  to  here.  The  author  of  the  method  (Volhard) 
states,  that  comparative  tests  made  by  this  metliod  and  that  of 
Gay  Lussac  gave  equally  exact  results,  both  being  controlled  by 
cupellation,  but  claims  for  this  process  that  the  end  of  the  reaction  is 
more  easily  distinguished,  and  that  there  is  no  labour  of  shaking,  or 
danger  of  decomposition  by  light,  as  in  the  case  of  chloride.  My  own 
experience  fully  confirms  this.  The  method  is  now  adopted  largely  in 
place  of  Gay  Lussac 's  for  silver  assays. 

3.    Estimation  of  Silver,  in  Ores  and  Alloys,  by  Starch 
Iodide  (Method  of  Fisani  and  F.  Field). 

If  a  solution  of  blue  starch-iodide  be  added  to  a  neutral  solution  of 
silver  nitrate,  while  any  of  the  latter  is  in  excess,  the  blue  colour 
disappears,  the  iodine  entering  into  combination  with  the  silver ;  as 
soon  as  all  the  silver  is  thus  saturated,  the  blue  colour  remains 
permanent,  and  marks  the  end  of  the  process.  The  reaction  is  very 
delicate,  and  the  process  is  more  especially  applicable  to  the  analysis 
of  ores  and  alloys  of  silver  containing  lead  and  copper,  but  not 
mercury,  tin,  iron,  manganese,  antimony,  arsenic,  or  gold  in  solution. 

The  solution  of  starch  iodide,  devised  by  Pisani,  is  made  by 
rubbing  together  in  a  mortar  2  gm.  of  iodine  with  15  gm.  of  starch 
and  about  6  or  8  drops  of  water,  putting  the  moist  mixture  into  a 
stoppered  flask,  and  digesting  in  a  water  bath  for  about  an  hour, 
or  until  it  has  assumed  a  dark  bluish-grey  colour ;  water  is  then  added 
till  all  is  dissolved.  The  strength  of  the  solution  is  then  ascertained 
by  titrating  it  with  10  c.c.  of  a  solution  of  silver  containing  1  gm.  in 
the  liter,  to  which  a  portion  of  pure  precipitated  calcium  carbonate  is 
added ;  the  addition  of  this  latter  removes  all  excess  of  acid,  and  at 
the  same  time  enables  the  operator  to  distinguish  the  end  of  the 
reaction  more  accurately.     The  starch  iodide   solution  should  be  of 
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such  a  strength  that  about  50  c.c.  are  requireil  for  10  c.c.  of  the  silver 
solution  (  =  0*01  gni.  silver). 

F.  Field  (C.  N,  ii.  17),  who  diacovereJ  the  principle  of  this  method 
simultaneously  with  Pisani,  uses  a  solution  of  iodine  in  potassium 
iodide  with  starch.  Those  who  desire  to  make  use  of  this  plan  can 
use  the  ''/lo  ai^d  "/loo  solutions  of  iodine  described  in  §  38. 

In  the  analysis  of  silver  containing  copper,  the  solution  must  be 
considenibly  diluted  in  ortler  to  weaken  the  colour  of  the  cop{)er; 
a  small  measured  ])ortion  is  thc^n  taken,  calcium  carbonate  added,  and 
starch  iodide  till  the  colour  is  permanent.  It  is  ]>est  to  operate  with 
about  from  60  to  100  c.c,  containing  not  more  than  0*02  gm.  silver; 
when  the  quantity  is  nmch  greater  than  this,  it  is  preferable  to 
precipitate  the  greater  ])ortion  with  ^/iq  so<lium  chloride,  and  to 
complete  with  starch  iodide  after  Hltering  ott'  the  chloride.  When 
lead  is  present  with  silver  in  the  nitric  aoiil  solution,  a<M  sulphuric 
acid,  and  filter  off  the  lead  sulphate,  then  add  calcium  carlx>nate  to 
neutralize  excess  of  acid,  filter  again  if  necessary,  then  add  fresh 
carbonate  and  titrate  as  ilescribed  above. 


4.    Assay  of  Commercial  Silver  (Plate,  Bullion,  Coin,  etc.). 
Gay  Lussac's  Method  modifled  by  J.  G.  Mulder. 

For  more  than  thirty  years  Gay  Lussac's  method  of  t^'^timating 
silver  in  its  alloys  has  been  practised  intact,  at  all  the  European  mints, 
und«^r  the  name  of  the  "  humid  method,"  in  j)lace  of  the  old  system 
of  cupellation.  During  tliat  time  it  has  been  regarded  as  one  of  the 
jnost  exact  methods  of  quantitative  analysis.  The  researches  of 
Mulder,  however,  int<^  the  innermost  details  of  the  process  liave 
shown  that  it  is  aipable  of  even  greater  accuracy  than  has  hitherto 
been  gained  by  it. 

The  principle  of  the  process  is  the  saiue  as  described  in  §  41, 
dej)en(ling  on  the  affinity  which  chlorine  has  for  silver  in  preference 
to  all  other  substances,  and  resulting  in  the  formation  of  silver 
chloride,  a  com])ound  insoluble  in  dilute  acids,  and  which  readily 
sejmrates  itself  from  the  li(iuid  in  which  it  is  susj)endeil. 

The  plan  originally  devised  by  the  illustrious  inventor  of  the 
process  for  assaying  silver,  and  which  is  still  followed,  is  to  consider 
the  weight  of  alloy  taken  for  examination  to  consist  of  1000  parts, 
and  the  question  is  to  find  how  many  of  these  jxirts  are  pure  silver.  This 
empirical  system  was  arranged  for  the  convenience  of  commerce,  and 
being  now  thoroughly  established,  it  is  the  best  plan  of  procedure. 
If,  therefore,  a  standard  solution  of  salt  be  made  of  such  strength 
that  100  c.c.  will  exactly  precipitate  1  gm.  of  silver,  it  is  manifest 
that  each  y^^  c.c.  will  precipitate  1  m.gm.  or  y^Vir  P*^^^  ^^  ^^®  gram 
taken ;  and  consequently  in  the  analysis  of  1  gm.  of  any  alloy 
containing  silver,  the  number  of  y\y  c.c.  required  to  preci])itate  all  the 
silver  out  of  it  would  be  the  number  of  thousandths  of  pure  silver 
contained  in  the  specimen. 

In  practice,  however,  it  would  not  do  to  follow  this  plan  precisely, 
inasmuch  as  neither  the  measurement  of  the  standard  solution  nor 
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the  ending  of  the  process  would  be  gained  in  the  most  exact  manner ; 
consequently,  a  decimal  solution  of  salt,  one-tenth  the  strength  of  the 
standard  solution,  is  prepared,  so  that  1000  c.c.  will  exactly  precipitate 
1  gm.  of  silver,  and,  therefore,  1  c.c.  1  m.gm. 

The  silver  alloy  to  be  examined  (the  composition  of  which  must  be 
api)roximately  known)  is  weighed  so  that  about  1  gm.  of  pure  silver 
is  present :  it  is  then  dissolved  in  pure  nitric  acid  by  the  aid  of 
a  gentle  heat,  and  100  c.c.  of  standard  solution  of  salt  added  from 
a  pipette  in  order  to  precipitate  exactly  1  gm.  of  silver ;  the  bottle 
containing  the  mixture  is  then  well  shaken  until  the  silver  chloride 
has  curdled,  leaving  the  liquid  clear. 

The  question  is  now  :  Which  is  in  excess,  salt  or  silver  ]  A  drop  of 
decimal  salt  solution  is  added,  and  if  a  precipitate  be  produced  1  c.c.  is 
delivered  in,  and  after  clearing,  another,  and  so  on  as  long  as 
a  precipitate  is  produced.  If  on  the  other  hand  the  one  drop  of  salt 
produced  no  precipitate,  showing  that  the  pure  silver  present  was  less 
than  1  gm.,  a  decimal  solution  of  silver  is  used,  prepared  by  dissolving 
1  gm.  pure  silver  in  pure  nitric  acid  and  diluting  to  1  liter.  This 
solution  is  added  after  the  same  manner  as  the  salt  solution  just 
described,  until  no  further  precipitate  occurs;  in  either  case  the 
(juantity  of  decimal  solution  used  is  noted,  and  the  results  calculated 
in  thousandths  for  1  gm.  of  the  alloy. 

The  process  thus  shortly  descri})ed  is  that  originally  devised  by 
Gay  Lussac,  and  it  was  taken  for  granted  that  when  equivalent 
chemical  proportions  of  silver  and  sodium  chloride  were  brought  thus 
in  contact,  that  every  trace  of  the  metal  was  precipitated  from  the 
solution,  leaving  sodium  nitrate  and  free  nitric  acid  only  in  solution. 
The  researches  of  Mulder,  however,  go  to  prove  that  this  is  not 
strictly  the  case,  but  that  when  the  most  exact  chemical  proportions 
of  silver  and  salt  are  made  to  react  on  each  other,  and  the  chloride 
has  subsided,  a  few  drops  more  of  either  salt  or  silver  solution  will 
produce  a  further  precipitate,  indicating  the  presence  of  both  silver 
nitrate  and  sodium  chloride  in  a  state  of  equilibrium,  which  is  upset 
on  the  addition  of  either  salt  or  silver.  Mulder  decides,  and  no 
doubt  rightly,  that  this  peculiarity  is  owing  to  the  presence  of  sodium 
nitrate,  and  varies  somewhat  with  the  temperature  and  state  of 
dilution  of  the  liquid. 

It  therefore  follows  that  when  a  silver  solution  is  carefully 
precipitated,  first  by  concentrated  and  then  by  dilute  salt  solution, 
until  no  further  precipitate  appears,  the  clear  liquid  will  at  this  point 
give  a  precipitate  with  dilute  silver  solution ;  and  if  it  be  added  till 
no  further  cloudiness  is  produced,  it  will  again  be  precipitable  by 
dilute  salt  solution. 

Example  :  Suppose  that  in  a  given  silver  analysis  the  decimal  salt  solution 
has  been  added  so  long  as  a  precipitate  is  produced,  and  that  1  c.c.  (=20  drops  of 
Mulder's  dropping  apparatus)  of  decimal  silver  is  in  turn  required  to 
precipitate  the  apparent  excess,  it  would  be  found  that  when  this  had  been  done, 
1  c.c.  more  of  salt  solution  would  be  wanted  to  reach  the  point  at  which  no 
further  cloudiness  is  produced  by  it,  and  so  the  changes  might  be  rung  time  after 
time;  if,  however,  instead  of  the  last  1  c.c.  (=20  drops)  of  salt,  half  the  quantity 
be  added,  that  is  to  say  10  drops  (  =  i  c.c),  Mulder's  so-called  neutral  point  is 
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reached ;  namely,  that  in  whi<!h,  if  the  liquid  be  divided  in  lialf,  both  salt  and 
silver  will  produce  the  same  amount  of  precipitate.  At  this  stage  the  solution 
contains  silver  chloride  dissolved  in  sodium  nitrate,  and  the  addition  of  either 
salt  or  silver  expels  it  from  solution. 

A  silver  analysis  may  therefore  be  concluded  in  three  ways- 


(1)  By  adding  decimal  salt  solution  until  it  just  ceases  to  i)roduce 
a  cloudiness. 

(2)  By  adding  a  slight  excess  of  salt,  and  then  decimal  silver  till 
no  more  precipitate  occurs. 

(3)  By  limling  the  neutral  point. 

According  to  Mulder  the  latti»r  is  the  only  correct  method,  and 
preserves  its  accuracy  at  all  temperatures  uj)  to  56°  C.  (=  133°  Fahr.), 
while  the  difference  between  1  and  3  amounts  to  i  a  m.gm.,  and  that 
between  1  and  2  to  1  m.gm.  on  1  gm.  of  silver  at  16°  C.  (  =  60°  Fahr.), 
and  is  seriously  increased  by  variation  of  temiK»rature. 

It  will  readily  be  seen  that  much  more  trouble  and  care  is  required 
by  Mulder's  method  than  by  that  of  (lay  Lussac,  Imt  as  a  com- 
pensation, much  greater  accuracy  is  obtained. 

On  the  whole  it  appears  to  me  preferable  to  weigh  the  alloy  so 
that  slightly  more  than  1  gm.  of  silver  is  present,  and  to  choose  the 
ending  No.  1,  adding  drop  by  dn)])  tlie  decimal  salt  solution  until  just 
a  trace  of  the  precipitate  is  seen,  and  which,  after  some  practice,  is 
known  by  the  operator  to  be  final.  It  will  be  foimd  that  the  quantity 
of  salt  solution  used  will  slightly  exceed  that  required  by  chemical 
computation ;  say  100"1  c.c.  are  found  equal  to  1  gm.  of  silver,  the 
oi)erator  has  only  to  calculate  that  quantity  of  the  salt  solution  in 
question  for  every  1  gm.  of  silver  he  assays  in  the  form  of  alloy,  and 
the  error  produced  by  the  solubility  of  silver  chloride  in  sodium 
nitrate  is  removed. 

If  tlie  decimal  solution  has  been  cautiously  added,  and  the 
temperature  not  higher  than  17°  C.  (62°  Fahr.),  this  method  of 
conclusion  is  as  reliable  as  No.  3,  and  free  from  the  possible  errors 
of  experiment;  for  it  requires  a  great  exj)enditure  of  time  and 
{mtience  to  reverse  an  tissay  two  or  three  times,  each  time  cautiously 
adding  the  solutions  drop  by  droj),  then  shaking  and  waiting  for 
the  liquid  to  clear,  besides  the  risk  of  discolouring  the  silver  chloride, 
which  would  at  once  vitiate  the  results. 

The  decimal  silver  solution,  according  to  this  arrangement,  would 
seldom  be  required  ;  if  the  salt  has  been  incautiously  added,  or  the 
quantity  of  alloy  too  little  to  contain  1  gm.  pure  silver,  then  it  is 
best  to  add  once  for  all  2,  3,  or  5  c.c,  according  to  circumstanpes, 
and  fini.sh  with  decimal  salt  as  No.  1,  deducting  the  silver  added. 

The  Standard  Solutions  and  Apparatus. 

(a)  Standard  Salt  Solution.— Pure  sodium  chloride  is  prepared  by 
treating  a  concentrated  solution  of  the  whitest  table-salt  first  with  a  solution  of 
caustic-baryta  to  remove  sulphuric  acid  and  magnesia,  then  with  a  slight  excess 
of  sodium  carbonate  to  remove  baryta  and  lime,  warming  and  allowing  the 
precipitates  to  subside,  then  evaporating  to  a  small  bulk  that  crystals  may  form ; 
these  are  separated  by  a  filter,  and  slightly  washed  with  cold  distilled  water, 
dried,  removed  from  the  filter,  and  heated  to  dull  redness,  and  when  cold 
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preserved  in  a  well-closed  bottle  for  use.  The  mother-liquor  is  thrown  ai^-ay,  or 
used  for  other  purposes.  Of  the  salt  so  prepared,  or  of  chemically  pure  rock-salt 
(Steinsalz,  a  substance  to  be  obtained  freely  in  Germany) .  5*4145  gm.  are  to  be 
weighed  and  dissolved  in  1  liter  of  distilled  water  at  16°  C.  100  c.c.  of  this 
solution  will  precipitate  exactly  1  gm.  of  silver.  It  is  preserved  in  a  well- 
stoppered  bottle,  and  shaken  before  use. 

(b)  Decimal  Salt  Solution. — lOO  c.c.  of  the  above  solution  are  diluted 
to  exactly  1  liter  with  distilled  water  at  16°  C.  1  c.c.  will  precipitate  0*001  gm. 
of  silver. 

(c)  Decimal  Silver  Solution. — Pure  metallic  silver  is  best  prepared 
by  galvanic  action  from  pure  chloride ;  and  as  clean  and  secure  a  method  as  any 
is  to  wrap  a  lump  of  clean  zinc,  into  which  a  silver  wire  is  melted,  with  a  piece  of 
wetted  bladder  or  calico,  so  as  to  keep  any  particles  of  impurity  contained  in  the 
zinc  from  the  silver.  The  chloride  is  placed  at  the  bottom  of  a  porcelain  dish, 
covered  with  dilute  sulphuric  acid,  and  the  zinc  laid  in  the  middle ;  the  silver 
wire  is  bent  over  so  as  to  be  immersed  in  the  chloride.  As  soon  as  the  acid 
begins  to  act  upon  the  zinc  the  reduction  commences  in  the  chloride,  and  grows 
gradually  all  over  the  mass ;  the  resulting  finely-divided  silver  is  well-wa«*hed, 
first  with  dilute  acid,  then  with  hot  water,  till  all  acid  and  soluble  zinc  are 
removed. 

The  moist  metal  is  then  mixed  with  a  little  sodium  carbonate,  saltpetre,  and 
borax,  say  about  an  eighth  part  of  each,  dried  perfectly,  then  melted.  Mulder 
recommends  that  the  melting  should  be  done  in  a  porcelain  crucible  immersed 
in  sand  contained  in  a  common  earthen  crucible ;  borax  is  sprinkled  over  the 
surface  of  the  sand  so  that  it  may  be  somewhat  vitrified,  that  in  pouring  out  the 
silver  when  melted  no  particles  of  dirt  or  sand  may  fall  into  it.  If  the  quantity 
of  metal  be  small  it  may  be  melted  in  a  porcelain  crucible  over  a  gas  blowpipe. 

Tlie  molten  metal  obtained  in  either  case  can  be  poured  into  cold  water  and  so 
granulated,  or  upon  a  slab  of  pipe-clay,  into  which  a  glass  plate  has  been  pressed 
when  soft  so  as  to  form  a  shallow  mould.  The  metal  is  then  washed  well  ^ith 
boiling  water  to  remove  accidental  surface  impurities,  and  rolled  into  thin  strips 
by  a  goldsmith's  mill,  in  order  that  it  may  be  readily  cut  for  weighing.  The 
granulated  metal  is,  of  course,  ready  for  use  at  once  without  any  rolling. 

1  gm.  of  this  silver  is  dissolved  in  pure  dilute  nitric  acid,  and  diluted  to 
1  liter;  each  c.c.  contains  0001  gm.  of  silver.     It  should  be  kept  from  the  light. 

(d)  Dropping    Apparatus    for    Concluding   the   Assay.— 

Mulder  constructs  a  special  affair  for  this  purpose  consisting  of  a  pear-shaped 
vessel  fixed  in  a  stand,  with  special  arrangement^  for  preventing  any  continued 
flow  of  liquid.  The  delivery  tube  has  an  opening  of  such  size  that  20  drops 
measure  exactly  1  c.c.  The  vessel  itself  is  not  graduated.  As  this  arrangement 
is  of  more  service  to  assay  than  to  general  laboratories,  it  need  not  be  further 
described  here.  A  small  burette  divided  in  iV  c.c.  with  a  convenient  dropping 
tube,  will  answer  every  purpose,  and  possesses  the  further  advantage  of  recording 
the  actual  volume  of  fluid  delivered. 

The  100  c.c.  pii)ette,  for  delivering  the  concentrated  salt  solution,  must  be 
aocuratel}'  graduated,  and  should  deliver  exactly  100  gm.  of  distilled  water  at 
16°  C. 

The  test  bottles,  holding  about  200  c.c,  should  have  their  stoppers  well  ground 
and  brought  to  a  point,  and  should  be  fitted  into  japanned  tin  tubes  reaching  as 
high  as  the  neck,  so  as  to  preserve  the  precipitated  chloride  from  the  action  of 
light,  and,  when  shaken,  a  piece  of  black  cloth  should  be  covered  over  the 
stopper. 

(e)  Titration  of  the  Standard  Salt  Solution.— Prom  what  hits 
been  said  previou««ly  as  to  the  principle  of  this  method,  it  will  be  seen  that  it  is 
not  possible  to  rely  absolutely  upon  a  standard  solution  of  salt  containing 
6*4145  gm.  per  liter,  although  this  is  chemically  correct  in  its  strength.  The 
real  working  power  must  be  found  by  experiment.  From  1*002  to  1*004  gm.  of 
absolutely  pure  silver  is  weighed  on  the  assay  balance,  put  into  a  test  bottle  innth 
about  5  c.c.  of  pure  nitric  acid  of  about  1*2  sp.  gr.,  and  gently  heated  in  the 
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water  or  sand  bath  till  it  is*  all  dissolved.  The  nitrous  vapoiirn  are  then  blown 
from  the  bottle,  and  it  is  set  aside  to  cool  down  to  about  16°  C.  or  60°  Fahr. 

The  100-c.c.  pipette,  which  should  be  securely  fixed  in  a  support,  is  then 
carefully  filled  witn  the  salt  solution,  and  delivered  into  the  test  bottle  containe<l 
in  its  case,  the  moistened  stopper  inserted,  covered  over  with  the  black  velvet  or 
cloth,  and  shaken  continuously  till  the  chloride  has  clotted,  and  the  liquid 
becomes  clear ;  the  stopper  is  then  slightly  lifted,  and  its  point  touched  against 
the  neck  of  the  bottle  to  remove  excess  of  liquid,  again  inserted,  and  any 
particles  of  chloride  washed  down  from  the  top  of  the  bottle  by  carefully  shaking 
the  clear  liquid  over  them.  The  bottle  is  then  brought  under  the  decimal  salt 
burette,  and  i  c.c.  added,  the  mixture  shaken,  cleared,  another  i  c.c.  put  in  and 
the  bottle  lifted  partly  out  of  its  case  to  see  if  the  precipitate  is  considerable  ; 
lastly,  2  or  3  drops  only  of  the  solution  are  added  at  a  time  until  no  further 
opacity  is  produced  by  the  final  drop.  Suppose,  for  instance,  that  in  titrating  the 
salt  solution  it  is  found  that  1*003  gm.  of  silver  require  100  c.c.  concentrated, 
and  4  c.c.  decimal  solution,  altogether  ecjual  to  100*4  c.c.  concentrated,  then — 

1003  silver  :  1004  salt  :  :  1000  :  x.  x  =  1000909. 

The  result  is  within  mil 55  of  lOO'l,  which  is  near  enough  for  the  purpose,  and 
may  be  more  conveniently  used.  The  operator  therefore  knows  that  100*1  c.c.  of 
the  concentrated  salt  solution  at  16°  C.  will  exactly  precipitate  1  gm.  silver,  and 
calculates  accordingly  in  his  examination  of  alloys. 

In  the  assay  of  coin  and  plate  of  the  English  standard,  namely,  11*1  silver  and 
0*9  copper,  the  weight  corresjwnding  to  1  gm.  of  silver  is  1*081  gm.,  therefore  in 
examining  this  alloy  1085  gm.  may  be  weighed. 

When  the  quantity  of  silver  is  not  approximately  known,  a  preliminary 
analysis  is  necessary,  which  is  best  made  by  diswlving  i  or  1  gm.  of  the  alloy  in 
nitric  acid,  and  precipitating  very  carefully  with  the  concentrated  salt  solution 
from  a  iV  ^•^'  burette.  Suppose  that  in  this  manner  1  gm.  of  alloy  required 
45  c.c.  salt  solution, 

100*  1  salt  :  rOOO  silver  :  :  45  :  jt.  x= 0*4495. 
Again  0*4495  :  1   :  :  1*003  :  jr  =  2*231. 

2*231  gm.  of  this  particular  alloy  are  therefore  taken  for  the  assay. 

Where  alloys  of  silver  contain  sulphur  or  gold,  with  small  quantities  of  tin, 
lead,  or  antimony,  they  are  first  treated  with  a  small  quantity  of  nitric  acid  so 
long  as  red  vapours  are  disengaged,  then  boiled  with  concentrated  sulphuric  acid 
till  the  gold  has  become  compact,  set  aside  to  cool,  diluted  with  water,  and 
titrated  as  above. 

Assaying  on  the  Grain  System. 

It  will  be  readily  set'ii  that  the  j>r<x;e8.s  just  described  ma}'  quite  as 
conveniently  be  arranged  on  the  grain  system  by  substituting  10 
grains  of  silver  as  the  unit  in  place  of  the  gram  ;  each  decern  of 
concentrated  salt  solution  would  then  be  equal  to  y^y  of  a  grain  of 
silver,  and  each  decern  of  decimal  solution  to  ^J^  of  a  grain. 

6.    Titration  of  the  Silver  Solutions  used  in  Photography. 

The  silver  bath  solutions  for  sensitizing  collodion  and  i>aj)er 
frequently  require  examination,  as  tlieir  strength  is  constantly 
lessening.  To  save  calculation,  it  is  better  to  use  an  empirical 
solution  of  salt  than  the  systematic  one  described  above. 

This  is  best  prej^ared  by  dissolving  43  grnins  of  jmre  sodium 
chloride  in  10,000  grains  of  distilled  water.  Each  decem  (  =  10  grn.) 
of  this  solution  will  preci])itate  0*125  gni.  (i.e.,  |  gni.)  of  pure  silver 
nitrate ;  therefore  if  one  fluid  drachm  of  any  silver  solution  be  taken 
for  examination,  the  number  of  decems  of  salt  solution  required  to 
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precipitate  all  the  silver  will  be  the  nimiber  of  grains  of  silver  nitrate 
in  each  ounce  of  the  solution. 

Example  :  One  fluid  drachm  of  an  old  nitrate  bath  was  carefully  measured 
into  a  stoppered  bottle,  10  or  15  drops  of  pure  nitric  acid  and  a  little  distilled 
water  added ;  the  salt  solution  was  then  cautiously  added,  shaking  well  after  each 
addition  until  no  further  precipitate  was  produced.  The  quantity  required  was 
26'5  dm=26i  grains  of  silver  nitrate  in  each  ounce  of  solution. 

Crystals  of  silver  nitrate  may  also  be  examined  in  the  same  way,  by  dissolving 
say  30  or  40  grn.  in  an  ounce  of  water,  taking  one  drachm  of  the  fluid  and 
titrating  as  above. 

In  consequence  of  the  rapidity  and  accuracy  with  which  silver  may  be 
determined  when  potassium  chromate  is  used  as  indicator,  some  may  prefer 
to  use  that  method.  It  is  then  necessary  to  have  a  standard  solution  of  silver, 
of  the  same  chemical  power  as  the  salt  solution :  this  is  made  by  dissolving 
125  gn^ins  of  pure  and  dry  neutral  silver  nitrate  in  1000  dm.  of  distilled 
water ;  both  ^lutions  will  then  be  equal,  volume  for  volume. 

Suppose,  therefore,  it  is  necessary  to  examine  a  silver  solution  used  for 
sensitizing  paper.  One  drachm  is  measured,  and  if  any  free  acid  be  present, 
cautiously  neutralized  with  a  weak  solution  of  sodium  carbonate ;  100  dm.  of  salt 
solution  are  then  added  with  a  pipette.  If  the  solution  is  under  100  gm.  to  the 
ounce,  the  quantity  will  be  sufflcient.  3  or  4  drops  of  chromate  solution  are 
then  added,  and  the  silver  solution  delivered  from  the  burette  until  the  red 
colour  of  silver  chromate  is  just  visible,  If  25'5  dm.  have  been  required,  that 
number  is  deducted  from  the  100  dm.  of  salt  solution,  which  leaves  74*5  dm.,  or 
741  grains  to  the  ounce. 

This  method  is  much  more  likely  to  give  exact  results  in  the  hands  of 
persons  not  expert  in  analysis  than  the  ordinary  plan  by  precipitation,  inas- 
much as,  with  collodion  baths,  containing  as  they  always  do  silver  iodide,  it 
is  almost  impossible  to  get  the  supernatant  liquid  clear  enough  to  distinguish 
the  exact  end  of  the  analysis. 

SUGAB. 

§  75.  Sugars  belong  to  the  large  class  of  organic  bodies  known  as 
"  carbo-hydrates,"  of  wliich  there  are  three  main  classes,  viz.  : — 

(1)  The  Glucoses,  CgHjgO^,  the  principal  members  of  which  are — 
glucose,  dextrose,  or  grape  sugar,  occurring  in  the  urine  in  Diabetes 
melliiusy  and  with  levulose  in  most  sweet  fruits  and  in  honey ;  levulose 
or  fruit  sugar ;  galactose. 

(2)  The  Di-saccharides,  CjgHggOij,  the  chief  members  of  which 
are — cane  sugar  or  sucrose,  occurring  in  the  juice  of  the  sugar  cane, 
beet  root,  and  maple ;  milk  sugar  or  lactose,  occurring  in  the  milk  of 
mammals  and  in  various  pathological  secretions  ;  malt  sugar  or 
maltose,  formed  by  the  action  of  malt  diastase  upon  starch. 

(3)  The  Poly-saccharides,  or  starches  and  gums  (CgHjQOj)^,  of 
which  the  most  important  members  are  starcli,  glycogen  (found  in  the 
liver),  dextrine,  and  cellulose  or  wood-fibre. 

The  di-  and  poly-saccliarides  are  "  inverted  "or  "  hydrolyzed  "  by 
being  boiled  with  dilute  acids,  or  by  the  action  of  unorganized 
ferments  like  diastase  and  pepsin,  and  those  contained  in  yeast  and 
saliva;  i.e.,  they  become  converted  into  glucoses.  Cane  sugar  on 
inversion  yields  equal  parts  of  dextrose  and  levulose  (invert  sugar), 
milk  sugar  yields  dextrose  and  galactose,  maltose  yields  dextrose;  starch, 
glycogen,  dextrose,  and  cellulose  all  yield  dextrose  as  the  final  product. 

The  methods  in  general  use  for  the  quantitative  estimation  of  the 
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various  kinds  of  sugar  are — the  fermentation  method,  estimating 
the  final  density  of  the  saccharine  solution,  and  the  amount  of  COj 
evolved ;  the  optical  method,  by  the  polarimeter ;  gravimetrically,  by 
the  reduction  of  an  alkaline  copper  solution ;  volumetrically,  by 
reduction  of  copper  or  mercury  solutions. 

All  tlie  glucoses  reduce  the  alkaline  copper  solution,  known  as 
Fehling's,  more  or  less  readily;  maltose  and  lactose  reduce  it  in 
a  less  degree;  starch,  cane  sugar,  dextrine,  and  cellulose  not  at  all. 
Other  substances  besides  sugars  reduce  Feliling's  solution,  e.g.j 
chloroform,  salicylic  and  uric  acids,  creatinine  and  phenylhydrazine. 

The  volumetric  method  of  estimating  glucose  by  Fehling's  copper 
solution  has  for  a  long  time  been  thought  open  to  question  on  the^ 
score  of  accuracy,  and  the  extensive  and  elaborate  experiments  of 
Soxhlet  have  clearly  shown,  that  only  under  identical  conditions 
of  dilution,  etc.,  can  concordant  results  be  obtained.  The  liigh 
official  position  of  this  chemist,  together  with  the  evident  care 
shown  in  his  methods,  leave  no  doubt  as  to  the  general  accuracy  of  his 
conclusions.  His  rather  sweeping  statement,  liowever,  that  the 
accurate  gravimetric  estimation  of  glucose  by  Fehling's  solution  is 
impassible  is  strongly  controverted  by  Brown  and  Heron,  whose  large 
experience  leads  them  to  a  dilfenmt  conclusion.  It  is  probable, 
however,  that  lx)th  autliorities  are  right  from  their  own  joints  of 
view,  and  that  Brown  and  Heron  do  obtain  concordant  results 
when  working  in  precisely  the  same  way;  wliereas  Soxhlet  is 
equally  correct  in  stating  tliat  the  gravimetric  estimation,  as  usually 
performed  under  varying  conditions,  is  open  to  serious  errors. 

Kjeldahl  maintains  that  Fehling's  solution,  however  pure  its 
constituents,  always  undergoes  a  slight  reduction  on  prolonged  heating, 
especially  in  strong  solution,  and  he  fixes  the  limit  of  time  for  which 
the  liquid  should  be  exposed  to  the  temperature  of  boiling  water  at 
twenty  minutes. 

The  Solution  of  Sugar.— For  all  the  processes  of  titration  this 
must  be  so  diluted  as  to  contain  ^  or  at  most  1  jKir  cent,  of  sugar ; 
if  on  trial  it  is  found  to  be  stronger  than  this,  it  must  be  further 
diluted  with  a  moAsured  quantity  of  distilled  water. 

If  the  sugar  solution  to  be  examined  is  of  dark  colour,  or  likely 
to  contain  extractive  matters  which  might  interfere  with  the  distinct 
ending  of  the  reaction,  it  is  advisable  to  heat  a  measured  quantity 
to  boiling,  and  add  a  few  drops  of  milk  of  lime,  allow  the  precipitate 
to  settle,  then  filter  through  purified  animal  charcoal,  and  dilute  with 
the  washings  to  a  definite  volume.  In  some  instances  cream  of 
alumina  or  basic  leatl  acetate  may  be  used  to  clarify  highly  coloured 
or  impure  solution,  but  no  lead  must  be  left  in  the  solution.* 

*  Althougrh  traces  of  lead  are  of  no  great  conaequenoe  when  clarifying  sogai's  for  the 
polariacope,  it  ia  of  great  importance  to  rennove  all  lead  in  the  volumetric  method.  In 
order  to  do  this  it  is  beat  to  treat  a  measured  quantity  of  the  sutrar  solution  which  has 
been  clarified  by  lead  with  a  strong  solution  of  sulphurous  acid  until  no  further  precipitate 
occurs,  then  add  a  few  drops  of  alumina  hydrate  suspended  in  water,  dilute  to  a  definite 
▼olume  and  filter.  In  many  cases  concentrated  solunon  of  sodium  carbonate  will  suffice 
to  remove  all  lead.  These  methods  of  clarification  are  highly  necesstry  in  the  case  of 
albuminous  or  gelatinous  liquids,  as  otherwise  the  copper  oxide  will  not  settle  readily,  and 
it  becomes  difficult  to  tell  when  the  end-reaction  occurs. 
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From  thick  mucilaginous  liquids,  or  those  which  contain  a  large 
proportion  of  albuminous  or  extractive  matters,  the  sugar  is  best 
extracted  by  Graham's  dialyser. 

The  Feb  ling  method  may  be  applied  directly  to  fresh  diabetic 
urine  (see  Analysis  of  Urine),  as  also  to  brewer's  wort  or  distiller's 
mash.  Dextrine  does  not  interfere,  unless  the  boiling  of  the  liquid 
under  titration  is  long  continued. 

1.    Inversion  of  Vaxious  Sugars  into  Glucose. 

Ordinary  cane  sugar  is  best  inverted  by  heating  to  about  70°  C. 
a  dilute  solution  (in  no  case  should  the  concentration  exceed  25  per 
cent.)  of  the  sugar  with  10  per  cent,  of  fuming  hydrochloric  acid  for 
15  minutes.  Dilute  sulphuric  acid  is  preferred  by  some  operators. 
If  the  mixture  is  boiled,  the  inversion  occurs  in  from  5  to  10  minutes. 
The  inversion  of  milk  sugar  takes  longer  time  than  cane  sugar. 

Maltose  or  malt  sugar  takes  a  much  longer  time  than  milk  sugar, 
but  may  be  done  by  the  addition  of  3  c.c.  of  concentrated  sulphuric 
acid  to  100  c.c.  of  wort,  and  heating  for  3  hours  in  a  boiling  water 
bath ;  if  dextrine  is  present,  it  is  also  inverted  at  the  same  time. 

The  inversion  of  the  slowly  changing  sugars  may  be  hastened 
considerably  by  heating  at  increased  atmospheric  pressure,  although 
some  authorities  condemn  the  process.  O 'Sullivan,  however,  states 
that  a  good  result  with  maltose  or  dextrine  is  obtained  by  heating 
30  gm.  of  the  substance  in  100  c.c.  of  water  containing  1  c.c.  of 
H2SO4  for  20  minutes,  at  a  pressure  of  one  additional  atmosphere 
(Allen's  Organic  Analysis  i.  217). 

Allen  also  gives  a  handy  means  of  carrying  out  this  method,  which 
consists  in  using  a  soda  water  bottle  with  rubber  stopper  through  which 
passes  a  long  glass  tu])e  bent  at  right-angles,  and  immersed  to  a  depth 
of  30  inches  in  mercury  contained  in  a  vertical  tube  of  glass  or  metal. 
The  rubber  stopper  must  be  secured  by  wire,  and  the  bottle  heated  to 
boiling  in  a  saturated  solution  of  sodium  nitrate,  which  gives  a 
temperature  corresponding  to  an  extra  atmosphere.  Of  course  in  all 
cases  where  acid  has  been  used  for  the  inversion  of  sugar,  it  must  be 
neutralizes!  l)of<)re  the  copper  titration  takes  place ;  this  may  be  done 
either  with  sodium  or  potassium  hydrates  or  carbonates,  or  calcium 
carbonate  may  be  used. 

Starch  from  various  sources  may  be  inverted  in  the  same  way  as  the 
sugars,  but  it  needs  a  prolonged  heating  with  acid.  For  approximate 
purpose  1  gm.  of  starch  should  be  mixed  to  a  smooth  cream  with 
about  30  c.c.  of  cold  water,  then  1  c.c.  of  strong  hydrocldoric  acid 
added,  and  the  mixture  kept  at  a  boiling  temperature  in  an  obliquely 
fixed  flask  for  8  or  1 0  hours,  replacing  the  evaporated  water  from  time 
to  time  to  avoid  charring  the  sugar,  and  testing  with  iodine  to  ascertain 
when  the  inversion  is  complete.     The  product  is  glucose. 

For  the  estimation  of  the  starch  itself  a  number  of  processes  were 
tried  by  Ost  {Chem.  Zeit.  1895,  xix.  1501),  the  one  which  was  found 
to  answer  best  ])eing  that  of  Sachsse  {Chem.  Centralbl,  viii.  732), 
slightly  modified.     In  this  modification  3  gm.  of  the  starch  are  heated 
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with  200  c.c.  of  water  and  20  c.c.  of  hydrochloric  acid,  specific  gravity 
1*125  ( =  5*600  gm.  of  HCl),  for  two  to  three  hours  in  a  boiling  water 
bath,  using  the  factor  0*925  to  calculate  the  glucose  found  in  the 
starch.  Longer  heating  gives  results  too  low,  and  two  hours  on  the 
water  bath  are  not  sufficient.  Slightly  higher  yields  of  glucose  (89*8 
instead  of  89*5  per  cent.)  can  be  obtained  by  heating  for  a  much  longer 
period  with  less  starch  and  acid,  but  there  is  no  advantage  to  be  gained 
by  the  alteration.  Oxalic  acid  gives  no  l>etter  results.  Dextrine  may 
be  det<'.miined  in  the  same  manner ;  also  maltose,  if  1  gm.  of  the  latter 
be  heated  for  five  hours  with  100  c.c.  of  1  to  2  per  cent,  hydrochloric 
acid  as  before. 

100  parts  of  grai>e  sugar,  found  by  Fehling's  process,  represent  90 
parts  of  starch  or  dextrine.  When  dextrine  is  present  with  grape 
sugar,  care  must  l>e  taken  not  to  boil  the  mixture  too  long  with  the 
alkaline  copper  solution,  as  it  has  been  found  that  a  small  portion  of 
the  copj^er  is  precipitated  by  the  dextrine  (Runipf  and  Heintzerling, 
Z.  a,  C.  ix.  358). 

An  inversion  of  starch  may  be  produced  more  rapidly,  and  at  lower 
temjKjrature,  by  using  some  form  of  diastase  in  place  of  acid.  An 
infusion  of  malt  is  best  suited  to  the  puq)oso,  but  the  temperature 
must  not  exceed  7V  C.  (160''  Fahr.).  The  digestion  may  vary  from 
fifteen  minutes  to  as  many  hours.  The  presence  of  unchanged  starch 
may  be  found  by  occasionally  testing  with  iodine.  If  the  digestion  is 
carried  beyond  half  an  hour,  a  like  quantity  of  the  same  malt  solution 
must  be  digested  alone,  at  the  same  tem|>erature,  and  for  the  same 
time,  then  titrated  for  its  amount  of  sugar,  which  is  deducted  from  the 
total  quantity  found  in  the  mixture.  O'SuUivan  (/.  C.  ^.1872, 
579)  has,  however,  clearly  shown  that  the  effect  of  the  so-called 
diastase  is  to  produce  maltose,  which  has  only  the  power  of  reducing 
the  copper  solution  to  the  extent  of  about  three-fifths  that  of  dextrose 
or  true  grape  sugar,  the  re«t  being  probably  various  grades  of  dextrine. 
Brown  and  Heron's  experiments  clearly  demonstrate  that  no  dextrose 
is  J  produced  from  starch  by  even  prolonged  treatment  with  malt 
extract ;  the  only  product  is  maltose.  Sulphuric  or  other  similar  acids 
cause  complete  inversion. 

Vov  the  exact  estimation  of  starch  in  grain  of  various  kinds 
O'SuUivan  gives  very  elaborate  directions,  involving  the  treatment 
of  the  substance  with  alcohol  and  ether,  to  remove  fatty  and  other 
constituents  previous  to  digestion  with  diastase.  The  same  authority 
also  gives  special  directions  for  the  {)reparation  of  the  proper  kind  of 
diastase,  all  of  which  may  be  found  in  /.  C.  S  xlv.  1. 

For  a  rapid  determination  of  starch  in  barley  or  malt  a  new  method 
has  been  (lescribed  by  H.  T.  Brown  and  J.  II.  Millar  (Tram<.  of  the 
Guinnesa  Research  Lab.  1903,  1,  79). 

2.    Estimation  of  Glucose  by  Fehling's  Solution. 

Preparation  of  the  Standard  Solutions.— Fehling's  standard 
copper  solution. — Crystals  of  pure  cupric  sulphate  are  powdered  and 
presse<l  between  unsized  pai)er  to  remove  adhering  moisture ;  69*28  gm. 
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are  weighed,  dissolved  in  water,  about  1  c.c.  of  pure  sulphuric  acid 
added,  and  the  solution  diluted  to  1  liter. 

Alkaline  tartrate  solution. — 350  giu.  of  Rochelle  salt  (sodium 
potassium  tartrate)  are  dissolved  in  about  700  c.c.  of  water,  and 
the  solution  filtered,  if  not  already  clear;  there  is  then  added  to  it 
a  clear  solution  of  100  gm.  of  caustic  soda  (prepared  by  alcohol) 
in  about  200  c.c.  of  water.  The  volume  is  made  up  to  1  liter 
at  60"  C. 

.  These  solutions  are  prepared  separately,  and  when  mixed  in  exactly 
equal  proportions  form  the  original  Fehling  solution,  each  c.c.  of 
which  should  contain  0*03464  gm.  of  cupric  sulphate,  and  represents 
0*005  gm.  of  pure  anhydrous  grape  sugar,  if  the  conditions  of  titration 
laid  down  below  are  adhered  to.*  The  method  is  Imsed  on  the  fact 
that  although  Fehling's  solution  may  be  heated  to  boiling  without 
change,  the  introduction  into  it  of  the  smallest  quantity  of  grape 
sugar,  at  a  boiling  temperature,  at  once  produces  a  precipitate  of 
cuprous  oxide,  tlie  ratio  of  reduction  being  uniform  if  the  conditions 
of  experiment  are  always  the  same. 

The  Titration  of  Glucose  with  Fehlino's  Solution.— 5  c.c.  each 
of  standard  copper  and  alkaline  tartrate  solutions  are  accurately  measured  into  a 
thin  white  porcelain  basin,  40  c.c.  of  water  added,  and  the  basin  quickly  heated 
to  boiling  on  a  sand-bath  or  by  a  small  flame.  No  reduction  or  change  of  colour 
should  occur ;  if  it  does,  the  alkaline  tartrate  solution  is  probably  defective  from 
age.  This  may  probably  be  remedied  by  the  addition  of  a  Uttle  fresh  caustic 
alkali  on  second  trial,  but  it  is  advisable  to  use  a  new  solution.  The  i  or  1  per 
cent,  sugar  solution  is  then  delivered  in  from  a  burettef  in  small  quantities  at  a 
time,  with  subsequent  boiling,  until  the  blue  colour  of  the  copper  solution  is  just 
discharged,  a  point  which  is  readily  detected  by  inclining  the  basin,  so  that  the 
colour  of  the  clear  supernatant  fluid  may  be  observed  against  the  white  sides  of 
the  basin.     Some  operators  use  a  small  thin  boiling  flask  instead  of  the  basin. 

It  is  almost  impossible  to  hit  the  exact  point  of  reduction  in  the 
first  titration,  but  it  affords  a  very  good  guide  for  a  more  rapid  and 
exact  addition  of  the  sugar  solution  in  a  second  trial,  when  the  sugar 
may  be  added  with  more  boldness,  and  the  time  of  exposure  of  the 
copper  solution  to  the  air  lessened,  which  is  a  matter  of  great 
importance,  since  prolonged  boiling  has  undoubtedly  a  prejudicial 
effect  on  the  accuracy  of  the  process. 

A  new  method  has  been  proposed  for  indicating  when  all  copper 
has  been  precipitated  by  E.  F.  Harrison  (Phami.  Joum,  1903, 
170),  and  is  very  sensitive.  It  depends  upon  the  action  of  copper 
salts  in  liberating  iodine  from  iodide. 

The  indicator  is  prepared  by  boiling  0*05  g^m.  of  starch  with  a  few  c.c.  of  water, 
adding  10  gm.  of  potassium  iodide  and  diluting  to  100  c.c.  These  quantities  need 
not  of  course  be  exactly  adhered  to,  but  too  much  starch  or  too  little  iodide 

*  If  pore  cupric  sulphate  has  been  used,  and  the  solutions  mixed  only  at  the  time  of 
titration,  there  need  be  very  little  fear  of  inaccuracy  ;  nevertheless  it  is  advisable  to  verity 
the  mixed  solutions  from  time  to  time.  This  may  be  done  by  weighing  and  dissolving 
0'd5  grm.  of  pure  cane  sugar  in  about  50  c.c.  of  water,  adding  2  c.c.  of  hydrochloric  acid,  and 
heatine  to  70''  C.  for  ten  minutes.  The  acid  is  then  neutralized  with  sodium  carbonate  and 
diluted  to  a  liter.  50  c.c.  of  this  liquid  should  exactlv  reduce  the  copper  in  10  c.c.  of 
Fehling's  solution.  A  standard  solution  of  inverted  sugar,  which  wiU  keep  good  foi: 
many  months,  mav  be  made  in  the  foregoing  manner :  it  should  be  of  about  20  per  cent, 
strength,  and  rendered  strongljr  alkaline  with  soda  or  i>otash. 

t  The  instrument  should  be  arranged  as  described  on  page  11. 
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lessens  the  delicacy  of  the  test ;  the  solution  should  be  prepared  as  required,  and 
not  used  after  it  has  been  made  more  than  two  or  three  hours.  In  use  about  0*5 
or  1  c.c.  of  this  solution  is  taken,  acidified  with  about  five  or  ten  drops  of  acetic 
acid,  and  one  drop  or  more  of  the  titration  liquid  added ;  the  latter  need  not  be 
filtered.  As  long  as  unreduced  ox)pper  is  present,  a  colour  is  produced,  varying 
from  red  to  blue,  and  of  greater  or  less  intensity,  according  as  the  end-point  is 
far  off  or  near.     The  production  of  no  colour  marks  the  end  of  the  reaction. 

This  indicator  gives  a  readily  observed  colour  with  one  drop  of  a  solution  of 
copper  sulphate  of  strength  1  in  20,000,  and  by  its  use  titration  of  Feb  ling's 
solution  with  a  suitable  sugar  solution  can  be  made  as  accurate  as  most  other 
volumetric  operations.  After  very  little  practice  one  titration  is  sufficient  for 
moderately  accurate  results,  but  greater  exactness  is  of  course  obtained  by 
repeating,  and  at  once  running  in  the  sugar  solution  almost  up  to  the  required 
amount  before  testing. 

When  the  exact  point  of  reduction  is  obtained,  it  is  assumed  that 
the  volume  of  sugar  solution  used  represents  0*05  gm.  of  grape  sugar 
or  glucose,  for  10  c.c.  Fchling's  solution  contain  0*11  gm.  cupric 
oxide,  and  5  molecules  CuO  (396)  are  reduced  to  cuj)rous  oxide  by 
1  molecule  of  glucose  (180),  therefore  396  :  180  =  0-11  :  0*05,  t.e., 
0*05  gm.  glucose  exactly  reduces  10  c.c.  Fehling's  solution. 

With  this  assumption,  however,  Soxhlet  does  not  agree,  but 
maiiitanis  from  the  results  of  his  experiments  on  carefully  prepared 
standard  sugars,  that  the  accuracy  of  the  reaction  is  interfered  with  by 
varying  concentration  of  the  solutions,  duration  of  the  experiment 
and  the  character  of  the  sugar. 

For  example,  he  found  that  the  reducing  power  of  glucose,  invert 
sugar, -and  galactose  was  in  each  case  lowered  by  dilution  of  the 
Feb  ling's  solution,  whilst  that  of  maltose  was  raised,  and  that  of 
milk  sugar  was  not  affected. 

The  remarks  which  Soxhlet  appends  to  his  experiments  are 
thus  classified : — 

(1)  The  reducing  power  of  inverted  sugar,  for  alkaline  copper  solution,  is 
importantly  influenced  by  the  concentration  of  the  solutions  :  a  smaller  quantity 
of  sugar  being  required  to  decompose  Fehling's  solution  in  the  undiluted 
state  than  when  it  is  diluted  with  1,  2,  3,  or  4  volumes  of  water.  It  is 
immaterial  whether  the  sugar  solution  be  added  to  the  cold  or  boiling  copper 
reagent. 

(2)  If  inverted  sugar  acts  on  a  larger  quantity  of  copper  solution  than  it  is 
just  able  to  reduce,  its  reducing  power  will  be  increased,  the  increment  varying 
according  to  the  amount  of  copi)er  in  excess  and  the  concentration  of  the  cupric 
liquid  ;  in  the  previous  experiments  the  equivalents  varied  from  1 :  97  to  1 :  12*6, 
these  numbers  being  by  no  means  the  limit  of  possible  variation. 

(3)  In  a  volumetric  estimation  of  inverted  sugar  by  means  of  Fehling's 
solution,  the  amount  of  copper  reduced  by  each  successive  addition  of  sugar 
solution  is  a  decreasing  quantity  ;  the  results  obtained  are  therefore  perfectly 
empirical,  and  are  only  true  of  that  particular  set  of  conditions. 

(4)  The  statement  that  1  equivalent  of  inverted  sugar  reduces  10  equivalents 
of  cupric  oxide  is  not  true,  the  hypothesis  that  0*6  gm.  Inverted  sugar  reduces 
100  c.c.  of  Fehling's  solution  being  shown  to  be  incorrect;  the  real  amount 
under  the  conditions  laid  down  by  Fehling  (1  volume  of  alkaline  copper 
solution,  4  volumes  of  water,  sugar  solution  i-1  per  cent.)  being  97  c.c.  the 
results  obtained  under  this  hypothesis  are,  therefore,  3  per  cent,  too  low.  Where, 
however,  the  above  conditions  liave  been  fulfilled,  the  results,  although  not 
absolutely,  are  relatively  correct ;  not  so,  however,  those  obtained  by  gravimetric 
processes,  since  the  interference  of  concentration  and  excess  has  not  been 
previously  recognized. 
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These  facts,  however,  do  not  vitiate  the  process  as  carried  out 
under  the  well  recognized  conditions  insisted  on  in  the  directions  for 
titration  that  were  given  above.  If  these  are  adhered  to  it  is  found 
the  sugars  have  the  following  reducing  powers — 

10  c.c.  Fehling  solution  are  completely  reduced  by 
0'05  gm.  glucose,  levulose,  galactose 
0*0475  gm.  cane  sugar  (after  inversion) 
0*0678  gm.  milk  sugar 
0*0807  gm.  maltose 
0*045  gm.  starch  (after  inversion). 

Lowe,  and  more  recently  Haines,  have  advocated  the  substitution 
of  an  alkaline  solution  of  glycerine  for  the  alkaline  tartrate  in 
Feb  ling's  solution.  This  solution  is  said  to  keep  indefinitely,  but  it 
is  not  so  delicate  a  test  as  Feh ling's. 

Estimation   of   the   Cuprous    Oxide    by  Fermanganate.— 

In  cases  where  it  is  permissible  to  weigh  the  cuprous  oxide  produced 

in  the  Fehling  method,  R.  M.  Caven  and  A.  Hill  (/.  S,  C.  J.  xvi. 
981  and  xvii.  124)  have  devised  a  volumetric  method  by  which  the 
amount  precipitated  can  be  estimated  in  a  shorter  time,  and  with  very 
fair  accuracy. 

The  necessary  standard  solutions  are  potassium  permanganate  about 
^/g  strength,  the  exact  oxygen  value  of  which  is  known,  and  an 
oxalic  acid  solution  of  preferably  the  same  strength.  These  must  be 
titrated  together  in  the  same  way  as  in  the  actual  process. 

There  is  also  required  a  dilute  sulphuric  acid,  1  of  acid  to  3  of 
water.  « 

Method  of  Procedure  :  The  cuprous  oxide,  whether  from  a  sugar  estimation 
or  other  sources,  is  best  collected  ou  au  asbestos  filter  comiected  with  water  pump 
as  follows  -.—Selected  fibrous  asbestos  is  cut  into  pieces  an  eighth  of  an  inch  in 
length,  digested  with  strong  sulphuric  acid  to  destroy  organic  matter,  then 
thoroughly  washed,  and  mixed  into  a  paste  with  water.  For  the  preparation  of 
the  filter  it  is  best  to  use  a  Hirsch's  porcelain  funnel  with  perforated  filter 
plate;  pouring  the  asbestos  cream  into  the  funnel,  and  applying  suction  by 
means  of  the  filter  pump  until  a  mat  of  asbestos,  suitable  to  receive  the 
precipitated  cuprous  oxide,  is  obtained.  After  the  removal  of  the  beaker  con- 
taining the  precipitated  cuprous  oxide  from  the  water-bath,  the  supernatant 
liquid  is  at  once  decanted  through  the  filter,  and  the  cuprous  oxide  remaining  in 
the  beaker  is  stirred  up  with  hot  water,  transferred  to  the  filter,  and  washed  until 
free  from  alkali.  The  last  traces  of  cuprous  oxide  need  not  be  removed  from  the 
beaker,  as  these  can  be  dissolved  later  on  in  a  little  of  the  acidified  permanganate 
solution.  The  asbestos  containing  the  cuprous  oxide  is  transferred  by  means  of 
a  glass  rod  to  a  porcelain  dish  about  eight  inches  in  diameter,  and  the  mass 
thoroughly  broken  up  with  water. 

If  the  quantity  of  oxide  does  not  exceed  0*2  gm.,  20  or  25  c.c.  of  the  standard 
permanganate  are  mixed  with  80  or  100  c.c.  of  tiie  dilute  sulphuric  acid  and 
poiu-ed  over  the  cuprous  oxide,  and  the  mixture  well  stirred  till  dissolved. 
Boiling  water  is  then  added  so  as  to  bring  the  temperature  to  45°  or  50°  C,  but 
not  more  than  the  latter.  It  is  now  ready  for  titration.  It  is  found  best  to  add 
excess  of  oxalic  acid  solution,  after  adjusting  the  temperature  of  the  liquid,  and 
then  to  titrate  back  wth  the  permanganate.  This  process  is  very  rapid,  owing  to 
the  use  of  the  filter  pump,  and  it  gives  consistent  and  good  results. 

The  amount   of   cuprous   oxide   corresponding  to   the  volume  of 
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permanganate  used,   is  calculated  by  multiplying  the  oxygen  value 

of   the    number  of   c.c.  used  by  the  factor  8*91   (  ~  — rr~F       "^^^^ 

authors  use  the  factor  0*5045  for  the  conversion  of  weight  of  C2<> 
into  dextrose,  levulose,  or  invert  sugar.  The  most  important  applica- 
tion of  this  process  is  its  use  in  the  analysis  of  sugars  by  the 
determination  of  their  cupric  reducing  |X)wer.  For  this  purpose  the 
hot  solution  of  sugar  is  introduced  into  excess  of  Feh ling's  solution 
contained  in  a  beaker  immersed  in  the  water  bath,  and  the  reduction 
allowed  to  proceed  for  14  minutes,  acconling  to  the  method  recom- 
mended by  C.  O'Sullivan  (Watts'  Diet.,  art.  Sugar).  The  method 
can  of  course  be  used  for  tlye  estimation  of  copper  as  cuprous  oxide  in 
other  cases  than  sugar  analysis. 

The  cuprous  iodide  process  may  l)e  also  used  to  ascertain  th& 
amount  of  copper  not  precipitated  by  the  sugar.  Several  operators- 
have  experimented  on  the  method,  the  best  of  which  is  that  given  by 
Schoorl  (Zeif.  awjew.  Chein,  1899,  633).  Results  agreeing  with  th& 
gravimetric  determinations  can  Ik?  obtained  if  a  fair  excels  of  potassium 
iodide  be  used,  an<l  if  this  l)e  added  to  the  alkaline  liquid  prior 
to  acidification.  The  author  describes  the  following  modification 
as  being  convenient. 

Method  of  Procedure:  10  c.c.  of  Fehling's  copper  solution  (10  c.c.= 
2774  c.c.  */io  thiosulphate)  are  mixed  with  10  c.c.  of  Soxhlet's  alkaline 
tartrate  solution  in  an  Erlenmeyer  flask  of  200  c.c.  capacity.  Water  is  added 
to  make  up  50  c.c.  and  the  contents  of  the  flask  are  boiled  for  2  minutes  on  wire 
gauze,  over  which  is  placed  an  asbestos  ring  having  a  hole  6  cm.  in  diameter. 
The  liquid  is  then  quickly  and  thoroughly  cooled  under  the  tap,  and  10  c.c.  of  a 
20  per  cent,  solution  of  potassium  iodide  and  10  c.c.  of  26  per  cent,  sulphuric  acid 
(1*5  of  concentrated  acid  with  8*5  of  water  by  volume)  are  added.  The  iodine 
liberated  is  immediately  titrated  with  decinormal  thiosulpliate  with  the  addition 
of  starch  until  the  blue  cx)lour  changes  to  cream.  After  this  blank  experiment,  a 
similar  one  in  every  respect  is  made,  introducing  a  known  quantity  of  sugar 
solution  in  place  of  some  of  the  wTiter  making  up  to  50  c.c.  Not  more  than 
90  m.gm.  of  j^lucose  or  invert  sugar  or  125  m.gm.  of  lactose  should  be  taken,  and 
in  the  detennination  of  lactose,  the  liquids  should  be  boiled  for  5  minutes  instead 
of  2.  When  the  su^r  is  impure  care  should  be  taken  to  determine  whether 
there  is  any  impurity  capable  of  combining  with  iodine. 

T.  I>.  Wood  and  R.  A.  Berry  (Proc.  Cambridge  Phil.  Soc., 
1903,  12,  97-98)  have  devised  the  following  method  for  use  where  a 
I)olarimetric  determination  is  not  possible. 

The  saccharine  solution  is  clarifled  by  means  of  basic  lead  acetate,  the  cane 
sugar  present  inverted  by  treatment  with  dilute  acid,  the  solution  neutralized 
and  diluted  till  it  contains  from  0*5  to  1*0  per  cent,  of  reducing  sugar.  10  c.c.  of 
the  8uj<ar  solution  are  now  added  to  50  c.c.  of  a  boiling  copper  solution  (23*5  gm. 
of  copi)er  sulphate,  250  gm.  of  potassium  carbonate  and  100  gm.  of  potassium  bi- 
carbonate per  liter)  and  the  mixture  boiled  for  10  minutes.  The  cuprous  oxide 
precipitated  is  filtered  off  in  a  Gooch  crucible,  washed  with  boiling  water,  and 
transferred  to  a  flask  filled  with  carbon  dioxide.  It  is  then  shaken  vigorously 
for  a  few  moments  with  25  c.c.  of  2^  per  cent,  solution  of  ferric  sulphate  in  25 
per  cent,  sulphiuic  acid,  whereby  the  cuprous  oxide  dissolves,  reducing  an 
equivalent  amount  of  ferric  sulphate  to  the  ferrous  salt.  The  latter  is  titrated 
with  a  solution  of  potassium  permanganate  of  such  strength  that  1  c.c.  is- 
equivalent  to  O'Ol  gm.  of  copper. 
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3.    Estimation  of  Glucose  by  Mercury. 

Knapp's  Standard  Mercuric  cyanide. — 10  gni.  of  pure  dry 
mercuric  cyanide  are  dissolved  in  about  600  c.c.  of  water ;  100  c.c.  of 
caustic  soda  solution  (sp.  gr.  1*145)  are  added,  and  the  liquid  diluted 
to  1  liter. 

Sachsse's  Standard  Mercuric  iodide. — 18  gm.  of  pure  dry 
mercuric  iodide  and  25  gm.  of  potassium  iodide  are  dissolved  in 
water,  and  to  the  liquid  is  added  a  solution  of  80  gm.  of  caustic 
potash ;  the  mixture  is  finally  diluted  to  1  liter. 

These  solutions,  if  well  preserved,  will  hold  their  strength  unaltered 
for  a  long  period. 

These  solutions  are  very  nearly,  but  not  quite,  the  same  in 
mercurial  strength,  Knapp's  containing  7*9365  gm.  Hg  in  the  liter, 
Sachsse's  7*9295  gm.  100  c.c.  of  the  former  are  equal  to  100*1  c.c. 
of  the  latter. 

Indicators  for  the  Mercurial  Solutions. — In  the  case  of 
Fehling's  solution,  the  absence  of  blue  colour  acts  as  a  sufficient 
indicator,  but  with  mercury  solutions  the  end  of  reaction  must  be 
found  by  an  external  indicator.  In  the  case  of  Knapp's  solution 
the  end  of  the  reaction  is  found  by  placing  a  drop  of  the  clear 
yellowish  liquid  above  the  precipitate  on  pure  white  Swedish  filter 
paper,  then  holding  it  first  over  a  bottle  of  fuming  HCl,  then  over 
strong  sulphuretted  hydrogen  water;  the  slightest  trace  of  free 
mercury  shows  a  light  brown  or  yellowish-brown  stain.  The  indicator 
best  adapted  for  Sachsse's  solution  is  a  strongly  alkaline  solution  of 
stannous  chloride  spotted  on  a  porcelain  tile.  An  excess  of  mercury 
gives  a  brown  colour. 

Method  of  Pbocedure  :  40  c.c.  of  either  solution  are  placed  in  a  porcelain 
basin  or  a  flask,  diluted  with  an  equal  bulk  of  water,  and  heated  to  boiling.  The 
solution  of  sugar  of  i  per  cent,  strength  is  then  delivered  in  until  all  the  mercury 
is  precipitated,  the  theory  being  in  either  case  that  40  c.c.  should  be  reduced  by 
0*1  gm.  of  dextrose. 

The  results  of  Sox h let's  experiments  show  that  this  estimate  is 
entirely  wrong* ;  nevertheless,  it  does  not  follow  that  these  mercurial 
solutions  are  useless.  It  is  found  that,  using  them  by  comparison 
with  Fehling's  solution,  it  is  possible  to  define  to  some  extent  the 
nature  of  mixed  sugars,  on  the  principle  of  indirect  analysis. 

Knapp's  solution  is  strongly  recommended  by  good  authorities  for 
the  estimation  of  diabetic  sugar  in  urine.  The  method  of  using  it  is 
described  in  the  section  on  Urinary  Analysis. 

The  behaviour  of  the  sugars  with  alkaline  mercury  solutions  was  tested  by 
-Soxhlet  both  with  Knapp's  solution  and  Sachsse's  solution. 

He  found  that  different  results  are  obtained  from  Knapp's  solutions,  accord- 
ing as  the  sugar  solution  is  added  gradually,  or  all  at  once  ;  when  gradually 
added  more  sugar  being  required;  with  Sachsse's,  however,  the  reverse  is  the 
case. 

*  Careful  experiment  shows  that  40  c.c.  of  Sachsse's  solation  is  reduced  bj  0'1342  gm. 
dextrose  or  0*1072  gm.  invert  sugar. 
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To  get  comparable  results  the  sugar  must  be  added  all  at  once,  the  Kolution 
boiled  for  two  or  three  minutes,  and  the  liquid  tested  for  mercury,  always  using 
the  same  indicator ;  in  using  the  alkaline  tin  solution  as  indicator,  0'26(>-0'202 
gra.  of  grape  sugar  was  always  required  for  100  c.c.  Knapp«  in  a  large  number 
of  experiments.  It  is  remarkable  that  these  two  solutions,  although  containing 
almost  exactly  the  same  amount  of  mercury,  require  very  different  quantities  of 
sugar  to  reduce  equal  volumes  of  them.  This  is  shown  to  be  due,  to  a  great 
extent,  to  the  different  amoimts  of  alkali  present  in  them. 

The  various  sugars  have  ditlerent  re<lucing  jiowers  for  the  alkaline 
mercury  solutions,  and  there  is  no  definite  relation  l>etween  the 
amount  of  Knapp's  and  Sachsse's  solutions  required  by  them;  the 
amount  of  Sac hsse's  solution,  to  which  100  c.c.  Knapp's  corresjmnd, 
varying  from  54*7  c.c.  in  the  case  of  galactose,  to  74*8  c.c.  in  the  case 
of  invert  sugar. 

The  two  mercury  methods  liave  no  advantage  in  i)oint  of  accuracy 
or  convenience  ovit  Feh ling's  methcxl,  the  latter  having  the  pre- 
ference on  account  of  the  great  certainty  of  the  point  at  which  the 
reduction  is  finished. 

The  mercury  methods  are,  however,  of  great  importance,  both  for 
the  identification  of  a  sugar  and  for  the  estimation  of  two  sugars  in 
presence  of  each  other,  as  proi)Osed  by  Sachsse.  For  instance,  in 
the  estimation  of  grape  and  invert  sugars  in  presence  of  each  other, 
there  are  the  two  equations  :  a^  +  />y=F,  rx  +  (/y=S. 

Wliere— 

a  ^number  of  1    c.c.    Feb  ling,  reduced   by    1  gm.    grape   sugar. 

//=  „                        „                 „  „             invert  sugar. 

r:=  „                 Sachsse          „  „            grape  sugar. 

d=  „                        „                 „  „             invert  sugar. 

F=  „                  Fehling,  used   for  1    vol.    sugar   solution. 

S=  „                  Sachsse           „  „                  „ 

r=amount  of  grape   sugar   in   gms.    in    1  vol.  of    the  solution. 

[/:=       „  invert  sugar 


»»  >>  »> 


It  nee<l  hartUy  be  mentioned  that  the  above,  like  all  other  indirect 
methoils,  leaves  room  for  increased  accuracy ;  but  nevertheless  the 
combination  of  a  mercury  method  with  a  copper  method  in  the 
determination  of  a  sugar  whose  nature  is  not  exactly  known,  gives 
a  more  serviceable  result  than  the  hitherto  adopted  plan,  by  which 
a  solution  that  reduced  10  c.c.  Fehling  was  said  to  contain  0*05  gm. 
of  sugar  (J.  C.  S,  Abstracts,  1880,  758). 

Taking  the  reducing  jMDwer  of  grape  sugar  =100,  the  reducing 
powers  of  the  other  sugars  are  : — 

Fohling  (undiluted).    Knapp.  Sachsse. 

Grape  sugar   100  100  100 

Invert  sugar  96*2  99*0  124*5 

Ix^vulose  (calculated) 92*4  102-2  148-6 

Milksugar 70-3  64*9  70*9 

Galactose    93*2  83-0  74*8 

Inverted  milk  sugar 96*2  90*0  85*5 

Maltose 61*0  63-8  65-0 
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4.    SiderBky*8  Method. 

This  process  has  found  great  favour  among  French  sugar  experts, 
And  is  based  on  the  use  of  Soldaini's  cupric  solution,  which  was 
devised  to  remedy  the  faults  common  to  Fehling  and  other  copper 
solutions  containing  tartrated  and  caustic  or  carbonated  alkalies. 

Tliis  liquid  is  prepared,  according  to  Degener,  in  the  following 
manner : — 40  gm.  of  cupric  sulphate  are  dissolved  in  water,  and,  in 
Another  vessel,  40  gin.  of  sodium  carbonate  are  also  dissolved  in 
water.  The  two  solutions  are  mixed,  and  the  copper  precipitated  in 
the  state  of  hydrobasic  carbonate.  The  precipitate  is  washed  with 
•cold  water  and  drie<l.  This  precipitate  is  added  to  a  very  concentrated 
And  boiling  solution  of  iwtaijsium  bicarbonate  (about  415  gm.)  and 
agitated  until  the  whole  is  completely  or  nearly  dissolved,  water  is 
Added  to  form  a  volume  of  1400  c.c,  and  the  whole  mass  heated  for 
two  hours  u\K>n  a  water-bath.  The  insoluble  matter  is  filtered,  and 
the  filtrate,  after  cooling,  is  of  a  deep  blue  colour.  The  sensibility  of 
this  liquid  is  so  great  that  it  gives  a  decided  reaction  with  0*0014  gm. 
•of  invert  sugar.  The  presence  of  sucrose  in  the  solution  incrcAses 
this  sensibility  still  more. 

Sidersky  has  recently  offered  a  new  volumetric  method,  based 
upon  the  use  of  Soldaini's  solution.  With  sugars  the  same  method 
AS  is  now  in  use  with  Fehling\s  solution,  can  easily  be  followed, 
watching  the  disappearance  of  the  blue  colour,  and  testing  the  end 
with  ferrocyanide  and  acetic  acid.  This  process  offers  no  serious 
•objections  common  to  Fehling^s  solution,  but  is  inapplicable  to 
coloured  sugar  solutions,  such  as  molasses,  etc.  For  the  last  the 
following  is  recommended  : — 

Method  of  Procbdube:  25  ^m.  of  molasses  are  dissolved  in  100  c.c.  of 
water  and  subacetate  of  lead  added  in  sufficient  quantities  to  precipitate  the 
impurities,  and  the  volume  raised  to  200  c.c.  and  filtered.  To  100  c.c.  of  the 
filtrate  are  added  25  c.c.  of  concentrated  solution  of  sodium  carbonate,  agitated, 
and  filtered  again.  100  c.c.  of  the  second  filtrate  with  excess  of  lead  removed 
are  taken  for  analysis.  On  the  other  hand,  100  c.c.  of  Soldaini's  solution  are 
placed  in  a  flask  and  heated  five  minutes  over  an  open  flame.  The  sugar  solution 
is  now  added  little  by  little,  and  the  heatinj^  continued  for  five  minutes.  Finally, 
the  heat  is  withdrawn  and  cooled  by  turning  in  100  c.c.  of  cold  water,  and 
filtered  through  a  Swedish  filter,  washed  with  hot  water,  letting  each  washing 
run  off  before  another  addition.  Three  or  four  washings  will  generally  remove 
completely  the  alkaline  reaction.  The  precipitate  is  then  washed  through  a  hole 
in  the  filtpr  into  a  flask,  removing  the  last  trace  of  copper.  25  c.c.  of  normal 
sulphuric  acid  are  added  with  two  or  three  crystals  of  potassium  chlorate,  and  the 
whole  gently  heated  to  dissolve  completely  the  oxide  of  copper,  which  is  trans- 
formed into  copper  sulphate.  The  excess  of  sulphuric  acid  is  determined  by  a 
standard  ammonia  solution  (semi -normal),  of  which  the  best  indicator  is  the 
sulphate  of  copper  itself.  When  the  deep  blue  colour  gives  place  to  a  greenish 
tinge  the  titration  is  completed.  The  method  of  titration  is  performed  as 
follows:— Having  cooled  the  contents  of  the  flask,  a  quantity  of  ammonia 
equivalent  to  25  c.c.  of  normal  sulphuric  acid  is  add^.  From  a  burette 
graduated  into  one-tenth  c.c.  standard  sulphuric  acid  is  dropped  in  drop  by  drop, 
agitating  after  each  addition.  The  blue  colour  disappears  with  each  addition  to 
reappear  after  shaking.  When  the  last  trace  of  ammonia  is  saturated  the 
titration  is  complete,  which  is  known  by  a  very  feeble  greenish  tinge.  The 
niunber  of  c.c.  is  read  from  the  burette,  which  is  equivalent  to  the  copper 
precipitated.     The  equivalent  of  copper  being  taken  at  31*7,  the  normal  acid 
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equivalent  is  00317  of  copper.  Multiplying  the  copper  found  by  3546  the 
invert  sugar  is  found.  A  blank  titration  is  needed  to  accurately  determine  the 
slight  excess  which  gives  the  pale  green  tinge.* 

6.    Favy'8  modified  Fehling  Process. 

This  method  consists  in  adding  ammonia  to  the  ordinary  Feb  ling 
solution,  by  which  means  the  precipitation  of  cuprous  oxide  is 
entirely  prevented,  the  end  of  the  reaction  being  shown  l)y  the 
disappearance  of  the  blue  colour  in  a  ])erfectly  clear  solution 
(C.  N,  xl.  77). 

The  solution  recommended  by  Pavy  is  made  by  mixing  120  c.c. 
ordinary  Fehling  solutiont  (see  p.  311)  with  300  c.c.  of  strong 
ammonia  (sp.  gr.  0*880),  adding  100  c.c.  of  a  10  per  cent,  caustic 
soda  solution  or  of  a  14  per  cent,  solution  of  potash,  and  diluting  to 
a  liter.  If  Fehling's  solution  is  not  available,  Pavy's  solution  may 
l)e  made  directly  by  adding  a  cooled  solution  of  21*6  gm.  R(x;helle  salt 
and  18*4  gm.  of  soda  (or  25*8  gm.  of  potash)  to  a  solution  of  4*157 
gm.  pure  cupric  sulphate,  adding  300  c.c.  of  strong  ammonia  and 
making  up  to  a  liter.  100  c.c.  Pavy's  solution  =  10  c.c.  Fehling's 
solution  =  0*05  gm.  of  glucose. 

As  ammoniacal  cuprous  solutions  are  readily  oxidized,  it  is 
important  to  exclude  air  from  the  liquid  during  titration.  The 
titration  should  be  made  in  a  small  boiling  flask,  through  the  cork  of 
which  the  elongated  end  of  the  burette  is  i)assed.  A  small  escai>e 
tube,  preferably  with  a  valve,  also  ])asse«  through  the  same  cork,  and 
leads  into  a  vessel  containing  water  or  weak  acid,  to  condense  the 
ammonia.  Allen  has  found  a  layer  of  jiarafiin  over  the  licpiid  an 
effective  means  of  excluding  air. 

In  carrying  out  the  titration  (100  c.c.  of  the  l^avy's  solution  is 
a  convenient  quantity  to  take)  a  few  pieces  of  jmmice  or  pipe-stem 
are  added,  the  liquid  brought  to  boiling,  and  kept  boiling  whilst 
the  sugar  solution  is  gradually  run  in.  The  end-point  is  very  sharp. 
WHiilst  rapid  manipulation  is  desirable,  the  solution  must  not  be  run 
in  too  quickly,  because  reduction  takes  place  more  slowly  than  with 
Fehling's  solution. 

The  methiMl  is  well  adapted  for  the  examination  of  diabetic  urine 
and  milk,  also  mixtures  of  milk  and  cane  sugars,  and  certainly  has  the 
advantage  over  the  ordinary  Fehling  method  by  its  definite  end- 
point. 

Z.  Peska  gives  the  following  method  for  the  volumetric  estimation 
of  sugar  l)y  means  of  ammoniacal  copi)er  solution  {Chem.  Zeit,  Rep. 
1895,  257).  In  order  to  avoid  the  oxidation  of  the  copper  oxide  in 
solution,  a  layer  of  vaseline  is  used  instead  of  the  usual  current  of 
hydrogen.  Two  solutions  are  prepared :  6*927  gm.  of  the  purest 
crystallized  copper  sulphat<*  are  dissolved  in  water,  160  c.c.  of  25  per 
cent,  ammonia  added,  and  the  whole  made  up  to  500  c.c. ;  34*5  gm. 

*  Report  of  Proceedinfrs  of  Fifth  Annual  Convention  of  the  American  Association  of 
Official  Agricultural  Chemists  (18S8). 

fin  ammoniacal  solution  only  5  molecules  CuO  are  reduced  bj  1  molecule  glucose  instead 
of  6  CuO.  n-i  in  Fehling's  solution,  hence  120  c.c.  of  the  latter  are  used  in  making 
Pavy's  solution  and  not  i<K)  c.c. 


320 


VOLUMETRIC  ANALYSIS. 


§75. 


of  Rochelle  salt  and  10  gm.  of  caustic  soda  are  also  dissolved  and 
diluted  to  500  c.c. 

Method  of  Pkoceduke  :  A  mixture  of  50  c.c.  of  each  liquid  is  heated  in  a 
beaker  under  a  layer  of  vaseline  oil  5  m.m.  thick,  to  a  temperature  of  80°  C. 
The  sugar  solution  is  run  in  1  c.c.  at  a  time  for  the  first  test,  but  on  a  repetition 
the  whole  amount  may  be  added  at  once.  Towards  the  end  of  the  titration,  the 
temperature  must  be  raised  to  85°,  and  the  heating  continued  for  two  minutes 
when  working  on  either  glucose  or  invert  sugar,  four  minutes  for  maltose,  and 
six  minutes  for  milk  sugar.  Dextrine  increases  the  reducing  power  of  the  sugar 
in  this  solution  less  than  in  the  one  prepared  with  potash,  and  as  the  ammonia 
has  no  injurious  action,  the  whole  process  is  both  exact  and  convenient.  When 
saccharose  is  present,  1  gm.  of  it  has  a  reducing  action  equivalent  to  0*026  gm. 
of  invert  sugar.  In  the  determination  of  lactose  in  milk  the  albuminoids  should 
be  precipitated  with  lead  acetate  and  the  excess  of  lead  removed  by  sodium 
sulphate.  The  following  table  gives  directly  the  number  of  milligrams  of  each 
sugar  in  100  c.c.  of  solution. 

c.c.'b  Glucose, 
used. 

997-8 

889-4 

802-3 

730-7 

670-8 

6200 

576-3 

538-4 

505-2 

475-8 

449-7 

426-3 

405-2 


8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
80 
31 
32 
83 
34 
35 
86 
37 
38 
89 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


886-0 
368-7 
352-8 
3382 
324-8 
812-4 
8009 
290-3 
280-3 
2711 
262-4 
254-2 
246-6 
239-3 
232-6 
226-1 
220-0 
214-8 
208-8 
203-6 
198-7 
1941 
189-7 
185-4 
181-2 
177-3 
173-5 
169-9 
1664 


Invert 
sugar. 

1049-2 

9851 

844-6 

7700 

707-6 

654-5 

608-7 

568-9 

534-2 

503-3 

475-7 

451-2 

429-0 

408-8 

390-6 

3738 

358-4 

344-3 

331-2 

319-3 

307-8 

297-3 

287-5 

278-2 

269-6 

261-6 

253-9 

246-7 

2400 

233-5 

227-4 

221-7 

216-2 

2110 

2060 

201-3 

1967 

192-3 

1881 

184-1 

180-3 

176-7 


Milk     Maltose.    , 
sugar.  I 


10339 
971-4 
9160 
866-5 
822-3 
782-4 
7460 
7130 
682-7 
654-8 
629-2 
605-5 
583-5 
5681 
544-1 
526-2 
509-5 
493-8 
479-1 
465-8 
452-2 
439-8 
428-1 
4170 
406-5 
396-5 
3870 
377-8 
369-2 
360-9 
353-0 
345-4 
3381 
331-2 
324-5 


10230 
968-8 
920-3 
876-3 
836-4 
8000 
766-5 
735-8 
707-5 
681-3 
656-8 
6341 
6130 
593-2 
574-5 

5571 

540-8 

525-3 

510-7 

496-8 

488-7 

471-3 

459-5 

448-3 

437-6 

4274 

417-7 

408-4 

399-5 

3910 

382-8 

374-9 

367-3 


c.c.  8 

used. 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 


Olucoae. 

1630 
159-8 
156-8 
153-9 
151-1 
148*4 
145*7 
1431 
140*6 
188*2 
135-9 
1837 
131-5 
129  4 
127-4 
125-4 
1235 
121-7 
119-9 
118-2 
116-5 
114-9 
113-3 
111-8 
110-3 
108-8 
107*4 
1060 
104*6 
103-3 
102-0 
100-8 
99-6 


Invert 
sugar. 

1732 

169-8 

166-5 

163-4 

160-4 

157*5 

154*7 

1520 

149-4 

146-9 

144-5 

142-2 

139-9 

137*7 

135*5 

183*4 

131*4 

129-5 

127-6 

125-7 
128*9 
122-2 
120*5 
118*9 
117-8 
115-8 
114*3 
112*8 
111-4 
110-0 
108-6 
107-2 
105*9 
104-6 
108*4 
102*2 

lori 


Milk 
sugar. 

818*1 

311*9 

3060 

800-3 

294-8 

289-4 

284  2 

279*3 

274*5 

269*9 

265*4 

261*1 

256*9 

252*9 

249*0 

245*2 

241*5 

237-9 

284*4 

2310 

227*7 
224*6 

221*5 

218*5 

215-6 

212*8 

2100 

207-3 

204-7 

2021 

199-6 


Maltose. 

3600 

353-0 

846-3 

339*9 

833-8 

327-9 

322-2 

316-7 

311-4 

306-8 

801-8 

296*4 

291-6 

287*0 

282*6 

278*3 

274-1 

2700 

2661 

262-8 

258-6 

2550 

251-5 

2481 

244*8 

241-6 

288-4 

285-3 

282-3 

229-4 

2266 

223-9 

221-2 

2186 

216  0 

213-5 

211-1 

208-7 

206-4 

204'1 

201-9 

199*7 
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6,    Gerrard'8  Cyano-cupric  Process, 

This  process  (Year  Book  Phami,  1892,  400),  as  improved  by 
Gerrard  and  A.  H.  Allen,  has  proved  a  valuable  addition  to  the 
proce^es  of  titration  based  on  the  reducing  power  of  glucose.  It 
has  the  advantage  over  Pavy^s  method  in  causing  no  evolution  of 
ammonia;  moreover,  the  reduced  solution  is  reoxidized  so  slowly 
that  titration  may  even  be  conducted  in  an  open  dish  with  reasonable 
expedition.  The  process  is  based  on  the  following  facts : — When 
a  solution  of  potassium  cyanide  is  added  to  a  solution  of  copper 
sulphate  a  colourless  stable  double  cyanide  of  copper  and  potassium 
is  formed,  thus : — 

CuSO^  +  4KCy  =  CuCy2,2KCy  +  RgSO^. 

This  salt  is  not  decomposed  by  alkalies,  hydrogen  sulphide,  or 
ammonium  sulphide.  If  potassium  cyanide  be  added  to  Fehling's 
solution  the  latter  is  decolourized,  the  above  double  salt  being  formed 
at  the  same  time,  and  if  the  colourless  solution  be  Iwiled  with  glucose 
no  cuprous  oxide  is  precipitated.  If  there  be  present  excess  of 
Fehling's  solution  over  the  amount  capable  of  being  decolourized 
by  the  potassium  cyanide,  the  mixture  is  blue,  and  when  it  is  boiled 
with  a  reducing  sugar  the  extra  portion  is  reduced,  but  no  cuprous 
oxide  is  precipitated,  the  progress  of  the  reduction  being  marked  by 
the  gradual  and  final  disappearance  of  the  colour  of  the  solution,  just 
as  in  Pavy's  process. 

Pbocess  of  TiTBiTiON :  10  CO.  of  frefih  Fehling's  solution,  or  6  o.c.  of 
each  of  the  consifitent  boluticns  are  diluted  with  40  c.c.  of  water  in  a  porcelain 
dii>h  and  heated  to  boiling.  An  approximately  6  per  cent,  solution  of  potassium 
cyanide  is  added  very  cautiously  from  a  burette  or  pipette  to  the  still  boiling  and 
well  agitated  blue  hquid,  till  the  colour  is  jupt  about  to  disappear.  Excess  of 
cyanide  must  be  carefully  avoided.* 

10  c.c.  of  Feb  ling  solution  are  now  accurately  measured  into  the  dish,  and 
the  sugar  Folution  (of  about  i  per  cent,  strength  glucose)  run  in  slowly  from  a 
burette  with  constant  stirring  and  ebullition,  till  the  blue  colour  disappears. 
Only  the  pecond  measure  of  Feb  I  i  n  g'  s  solution  suffers  reduction.  The  volume 
of  sugar  solution  run  in  contairiis  0*05  gm.  of  glucose. 

Some  technical  applications  of  these  Solutions  to 
mixtures  of  various  Sugars, 

It  cannot  be  claimed  for  these  estimations  that  they  are  absolutely 
exact ;  but  with  care  and  practice,  accompanied  with  imiform  conditions, 
they  are  probably  capable  of  the  best  possible  results  whatever  methods 
may  be  used. 

Cane  Sugar.  Grape  Sugar,  and  Dextrine  (Biard  and  Pellet, 
Z.  a.  C.  xxiv.  275).  The  solution  containing  these  three  forms  is  first  titrated 
with  the  usual  Fehling  solution  for  grape  sugar.  A  second  portion  is  boiled 
with  acetic  acid  (which  only  inverts  cane  sugar)  and  titrated.  Finally,  a  third 
portion  is  completely  inverted  with  sulphuric  acid  and  titrated.  The  difference 
of  the  first  and  second  titrations  gives  the  cane  sugar,  and  that  of  the  second  and 
third  the  dextrine. 

*  As  the  doable  cjrauide  solntion  keefs  for  some  time,  a  stock  maj  be  made  np,  so  that 
50  c.c.  contain  10  c.c.  of  Fehling's  solution,  and  that  volume  taken  for  each  titrHtirn. 
instead  of  going  through  the  i  rocess  of  exact  decolourization  every  time. 
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Milk  and  Cane  Sugar,— If  the  estimation  of  milk  sugar  is  alone 
required,  and  by  the  usual  Fehling  solution,  the  casein  and  albumen  must  be 
first  removed.  Acidify  the  liquid  with  a  few  drops  of  acetic  acid,  warm  until 
coagulation  is  effected,  and  filter.  Boil  the  filtrate  to  coagulate  the  albumen. 
^Iter  again,  and  neutralize  with  soda  preyious  to  treatment  for  sugar  by  the 
copper  test.  The  number  of  c.o.  ofFehling's  solution  required,  multiplied  by 
0*006786,  will  give  the  weight  of  milk  sugar  in  grams.  Direct  estimation  by 
Pavy -Fehling  is  preferable  to  this  method.  Cane  sugar  in  presence  of  milk 
sugar  may  be  estimated  as  follows : — Dilute  the  milk  to  ten  times  its  bulk, 
having  previously  coagulated  it  with  a  little  citric  acid,  filter,  and  make  up 
to  a  definite  volume,  titrate  a  portion  with  Pavy-Fehling  solution,  and  note 
the  result.  Then  take  100  c.c.  of  the  filtrate,  add  2  gm.  of  citric  acid,  and  boil 
for  10  minutes,  cool,  neutralize,  make  up  to  200  c.c,  and  titrate  with  copper 
solution  as  before.  The  difference  between  the  reducing  powers  of  the  solutions 
before  and  after  conversion  is  due  to  the  cane  sugar,  the  milk  sugar  not  being 
affected  by  citric  acid. 

Stokes  and  Bodmer  {Analtfst  x.  62)  have  experimented  largely  on  this 
method,  and  with  satisfactory  results.  The  plan  adopted  by  them  is  to  use 
40  C.C.  ofPavy-Fehling  liquid  (»0'02  gm.  glucose),  and  to  dilute  the  sugar 
solution  (without  previous  coagulation),  so  that  from  6  to  12  c.c.  are  required 
for  reduction.  By  using  a  screw-clamp  on  the  rubber  burette  tube,  the  sugar 
solution  is  allowed  to  drop  into  the  boiling  liquid  at  a  moderate  rate.  If  Cu^O 
should  be  precipitated  before  the  colour  disappears,  a  fresh  trial  must  be  made, 
adding  the  bulk  of  the  sugar  at  once,  then  finishing  by  drops.  If,  on  the  other 
hand,  the  sugar  has  been  run  in  to  excess,  which  owing  to  the  rather  slow 
reaction  is  easily  done,  fresh  trial  must  be  again  made  until  the  proper  point  is 
reached ;  this  gives  the  milk  sugar.  Meanwhile  a  portion  of  the  mixed  sugar 
solution  is  boiled  with  2  per  cent,  of  citric  acid,  neutralized  with  NH3  made  up 
to  double  its  original  volume,  and  titrated  as  before. 

These  operators  have  determined  the  reducing  action  of  milk,  cane, 
and  grape  sugar  on  the  Pavy-Fehling  liquid,  the  result  being  that 
100  lactose  represents  respectively  52  glucose,  or  49*4  sucrose. 

In  a  recent  paper  by  F.  W.  Richardson  and  A.  Jaff  fe  (/.  S.  G,  I, 
xxiii.  309)  they  state  that  the  copper  method  of  estimating  mixtures 
of  sugars  in  milk  are  practically  valueless,  having  obtained  far  more 
consistent  results  by  polarimetric  methods. 

SUIiFHUIU 

S  =  32. 

Estimation  in  Pyrites,  Ores,  Besidues,  etc. 

1.    Alkalimetrie  Method  (Felouze). 

§  76.  This  i)rocess,  designed  for  the  rapid  estimation  of  sulphur 
in  iron  and  copper  pyrites,  has  hitherto  been  thought  tolerably 
accurate,  but  experience  has  shown  that  it  cannot  be  relied  upon 
except  for  rough  technical  purposes. 

The  process  is  based  on  the  fact,  that  when  a  sulphide  is  ignited 
with  potassium  chlorate  and  sodium  carbonate,  the  sulphur  is  converted 
entirely  into  sulphuric  acid,  which  expels  its  equivalent  proportion  of 
carbonic  acid  from  the  soda,  forming  neutral  sodium  sulphate ;  if 
therefore  an  accurately  weighed  quantity  of  the  substance  be  fused 
with  a  known  weight  of  pure  sodium  carbonate  in  excess,  and  the 
resulting  mass  titrated  with  normal  acid,  to  find  the  quantity  of 
imaltered  carbonate,  the  proportion  of  sulphur  is  readily  calculated 
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from  the  difference  between  the  volume  of  normal  acid  required  to 
saturate  the  original  carl)onate,  and  that  actually  required  after  the 
ignition. 

It  is  advisable  to  take  1  gni.  of  the  finely  levigated  pyrites,  and 
5*3  gm.  of  pure  sodium  carbonate  for  each  assay ;  and  as  5*3  gm. 
of  sodium  carbonate  represent  100  c.c.  of  normal  sulphuric  acid,  it 
is  only  necessary  to  subtract  the  number  of  c.c.  used  after  the 
ignition  from  100,  and  multiply  the  remainder  by  0*016,  in  order 
to  arrive  at  the  weight  of  sulphur  in  the  1  gm.  of  pyrites,  and  by 
moving  the  decimal  point  two  places  to  the  right,  the  percentage 
is  obtained. 

Example  :  1  gm.  of  finely  ground  PeS^  was  mixed  intimateltf  with  6*3  gm. 
sodium  carbonate,  and  about  7  gm.  each  of  potassium  chlorate,  and  decrepitated 
sodium  chloride,  in  powder;  then  introduced  into  a  platinum  crucible,  and 
gradually  exposed  to  a  dull  red  heat  for  ten  minutes ;  the  crucible  suffered  to 
cool,  and  warm  water  added;  the  solution  so  obtained  was  brought  on  a 
moLitened  filter,  the  residue  emptied  into  a  beaker  and  boiled  with  a  large 
quantity  of  water,  brought  on  the  filter,  and  washed  with  boiling  water  till  all 
soluble  matter  was  removed;  the  filtrate  coloured  with  methyl  oran^,  and 
titrated.  67  c.c.  of  normal  acid  were  required,  which  deducted  from  100,  left 
33  C.C. ;  this  multiplied  by  0*016  gave  0*528  gm.  or  52*8  per  cent.  8. 

Burnt  Pyrites. — The  only  satisfactory  volumetric  method  of 
estimating  the  sulphur  in  the  residual  ores  of  pyrites,  is  that 
described  by  Watson  (/.  S,  C,  L  vii.  305),  and  which  is  in  daily 
use  in  large  alkali  works.  In  order  to  avoid  calculation,  Watson 
a<lopts  the  following  metho<i  : — 

Standard  hydrochloric  acid. — 1  c.c.  =  0*02  gm.  Na^O. 

Sodium  bicarbonate. — This  may  be  the  ordinary  commercial  salt, 
but  its  exact  alkalinity  must  be  ascertained  by  the  standard  acid. 
Where  a  numlwjr  of  analyses  are  being  made,  a  good  quantity  of 
the  salt  should  be  well  mixed,  and  kept  in  a  stoppered  bottle.  Its 
exact  alkalinity  having  l^cen  once  determined  it  will  not  alter,  though 
daily  opened. 

Method  of  Pbocrduke  :  2  gm.  of  bicarbonate  is  placed  in  a  crucible  which 
may  be  either  of  platinum,  i>oroelain,  or  nickel,  and  to  it  is  added  5*16  gm.  of  the 
finely  powdered  ore,  then  intimately  mixed  with  a  flattened  glass  rod.  Heat 
gently  over  a  Bunsen  burner  for  5  or  10  minutes,  and  break  up  the  mass  with 
a  stout  copper  wire.  After  stirring,  the  heat  is  increased  and  continued  for 
10  or  16  minutes.  The  crucible  is  then  washed  out  with  hot  water  into  a  beaker. 
The  mixture  is  boiled  for  15  minutes,  filtered  into  a  flask,  the  residue  washed 
repeatedly  with  hot  water,  then  cooled  and  titrated  with  the  standard  acid,  using 
methyl  orange  as  indicator. 

Example:  2  gm.  of  the  bicarbonate  originally  required  37*5  c.c.  of  acid. 
After  ignition  with  the  ore,  28  o.c.  were  required  ^-O'S  c.c,  this  divided  by 
6  will  give  1*9,  which  is  the  percentage  of  total  sulphur  in  the  ore. 

This  total  sulphur  includes  that  which  exists  as  soluble  sulphide, 
and  which  is  not  available  for  acid  making.  In  onler  to  find 
the  amount  of  this  soluble  sulphur,  Watson  l)oils  5*16  gm.  of  the 
ore  with  5  c.c.  of  standard  sodium  carlwnate  (1  c.c.  =  0*05  gm.  NagO) 
diluted  with  water,  for  15  minutes.  After  filtering  and  washing,  the 
filtrate   is   titrated   with   the   standard   hydrochloric   acid,  and    the 

Y  2 
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difference  between  the  volume  used  and  that  which  was  originally 
required  for  5  c.c.  of  the  soda  solution  is  divided  by  5,  as  in  the 
case  of  the  former  process,  which  gives  at  once  the  percentage  of 
sulphur  existing  in  the  ore  in  a  soluble  form.  The  results  are  not 
absolutely  exact,  but  quite  near  enough  to  guide  a  manufacturer  in 
the  working  of  the  furnaces. 

This  method  is  not  available  for  unbumt  pyrites. 

2.    Estimation  of  Sulphur  in  Coal  Gas. 

A  most  convenient  and  accurate  process  for  this  estimation  is  that 
of  Wildenstein  (g  77.2).  The  liquid  produced  by  burning  the 
measured  gas  in  a  Letheby  or  Vernon  Harcourt  apparatus  is  well 
mixed,  and  brought  to  a  definite  volume;  a  portion  representing 
a  known  number  of  cubic  feet  of  gas  is  then  poured  into  a  glass, 
porcelain,  or  platinum  basin,  acidified  slightly  with  HCl,  heated  to 
boiling,  and  a  measured  excess  of  standard  barium  chloride  added ;  the 
excess  of  acid  is  then  cautiously  neutralized  with  ammonia  (free  from 
carbonate),  and  the  excess  of  barium  ascertained  by  standard  potassium 
cliromate  exactly  as  described  in  §  77.2. 

The  usual  method  of  stating  residts  is  in  grains  of  sulphur  per 
100  cubic  feet  of  gas.  This  may  be  done  very  readily  by  using 
semi-normal  solutions  of  barium  cldoride  and  potassium  chromate  on 
the  metric  system,  and  midtiplying  the  number  of  c.c.  of  barium 
solution  required  with  the  factor  0*1234,  which  at  once  gives  the 
amount  of  sulphur  in  grains. 

3.    Estimation  of  Sulphur  in  Sulphides  decomposable  by 
Hydrochloric  or  Sulphuric  Acids  (Weil). 

This  process,  communicated  to  me  by  M.  Weil,  is  based  on  the 
fact  that,  in  the  case  of  sulphides  where  the  whole  of  the  sulphur  is 
given  off  as  H^S  by  heating  with  HCl  or  H2SO4,  the  HjS  may  be 
evolved  into  an  excess  of  a  standard  alkaline  copper  solution.  After 
the  action  is  complete,  the  amount  of  Cu  left  unreduced  is  estimated 
by  standard  stannous  chloride.  The  method  is  available  for  the 
sulphides  of  lead,  antimony,  zinc,  iron,  etc.  Operators  shoidd 
consult  and  practise  the  methods  described  in  §  58.5,  in  order  to 
become  accustomed  to  the  special  reaction  involved. 

Method  of  Procedure:  Prom  1  to  10  gm.  of  material  (according  to  its 
richness  in  sulphur)  in  the  finest  state  of  division,  are  put  into  a  long-necked  flask 
of  about  200  c.c.  capacity,  to  which  is  fitted  a  bent  delivery  tube,  so  arranged  as 
to  dip  to  the  bottom  of  a  tall  cylinder,  containing  50  or  100  c.c.  of  standard 
copper  solution  made  by  dissolving  39*523  gm.  of  c'upric  sulphate,  200  gm.  of 
Itochelle  salt,  and  125  gm.  of  pure  caustic  soda  in  water,  and  diluting  to  1  liter 
(In  c.c.=0'l  gm.  Cu).  When  this  is  ready,  a  few  pieces  of  granulated  zinc  are 
lidded  to  the  sulphide.  75  c.c.  of  strong  HCl  are  then  poured  over  them,  the 
cork  with  delivery  tube  immediately  inserted,  connected  with  the  copper  solution, 
and  the  flask  heated  on  a  sand-bath  until  all  evolution  of  HjS  is  ended.  The 
blue  solution  and  black  precipitate  are  then  brought  on  a  filter,  filtrate  and 
washings  collected  in  a  200  or  250  c.c.  flask,  and  diluted  to  the  mark ;  20  c.c.  of 
the  clear  blue  liquid  are  then  measured  into  a  boiling  flask,  and  evaporated  to 
10  or  15  c.c.    25  to  50  c.c.  of  strong  HCl  are  then  added,  and  the  standard  tin 
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solution  dropped  in  while  boiling,  until  the  blue  gives  plaoe  to  a  clear  pure 
yellow. 

Each  c.c.  of  standanl  copper  solution  represents  0'50393  gm.  of 
sulphur.  The  addition  of  the  granulated  zinc  facilitates  the  liberation 
of  the  II.2S,  and  sweeps  it  out  of  the  flask  ;  moreover,  in  the  case  of 
dealing  with  lead  sulphide,  which  forms  insoluble  lead  chloride,  it 
materially  assists  the  decomposition.  Alkaline  tartrate  solution  of 
copper  may  be  used  in  place  of  ammoniacal  solution  if  so  desired. 

Examples  (Weil) :  1  gm.  of  galena  was  taken,  and  the  gas  delivered  into 
50  C.C.  of  standard  copper  solution  {—0'6  gm.  Cu).  After  complete  precipitation 
the  blue  liquid  was  diluted  to  200  c.c.  20  c.c.  of  this  required  12*5  c.c.  of 
stannous  chloride,  the  titre  of  which  was  16*5  c.c.  for  0*04  gm.  Cu.  Therefore 
16-5  :  004 :  :  12*5  :  00303.  Thus  200 c.c.  (  =- 1  gm.  galena)  represent  0'303 gm.Cu. 
Then  05  gm.  Cu,  less  0303 =0197  gm.  for  1  gm.  galena  or  19*7  for  100  gm. 
Consequently  19*7  x  0*50393 » 9*92  per  cent.  S.  Estimation  by  weight  gave 
9*85  per  cent.  Again,  1  gm.  zinc  sulphide  was  taken  with  100  c.c.  copper 
solution  and  made  up  to  250  c.c,  25  c.c.  of  which  required  14*3  c.c.  of  same 
stannous  chloride,  or  143  c.c.  for  the  1  gm.  sulpnide.  This  represents 
0-347  gm.  Cu.  Thus  1— 0-347 -=0-653  gm.  Cu  (precipitated  as  CuS)  or  66*3  per 
100.  Consequently  65*3  x  0*50393 » 321  per  cent.  8.  Control  estimation  by 
weight  gave  33  per  cent. 

The  process  has  given  me  gooil  technical  results  with  SbjSj,  but 
the  proportion  of  sulphur  to  copper  is  too  great  to  expect  strict 
accuracy 

4.    Estimation  of  Alkaline  Sulphides  by  Standard 

Zinc  Solution. 

This  method,  which  is  simply  a  counterpart  of  §  84.3,  is  especially 
applicable  for  the  technical  determination  of  alkaline  sulphides  in 
impure  alkalies,  mother-liquors,  etc. 

If  the  zinc  solution  be  made  by  dissolving  3*253  gm.  of  pure 
metallic  zinc  in  hydrochloric  acid,  supersaturating  with  ammonia,  and 
diluting  to  1  liter,  1  c.c.  will  respectively  indicate — 

0-0016  gm.  Sulphur 
0-0039     „    Sodium  sulphide 
0*00551  „    Potassium  sulphide 
0*0034     „    Ammonium  sulphide. 

The  zinc  solution  is  added  from  a  burette  until  no  dark  colour  is 
shown  when  a  drop  is  brought  in  contact  with  solution  of  nickel 
sulphate  spread  in  drops  on  a  white  porcelain  tile. 

5.    Sulphurous  Acid  and  Sulphites. 

The  difficulties  formerly  presented  in  the  iodometric  analyses  of 
these  substances  are  now  fortunately  quite  overcome  by  the  modifi- 
cation devised  by  Giles  and  Shearer  (/.  S.  C.  I.  iii.  197  and  iv. 
303).  A  valuable  series  of  experiments  on  the  estimation  of  S0.„ 
either  free  or  combined,  are  detailed  in  these  papers.  The  modification 
is  both  simple  and  exact,  and  consists  in  adding  the  weighed  SOg  or 
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the  sulphite  in  powder  to  a  measured  excess  of  ''/jq  iodine  without 
dilution  with  water,  and  when  the  decomposition  is  complete,  titrating 
back  with  ^/lo  thiosulphate.  Very  concentrated  solutions  of  SOj  are 
cooled  by  a  freezing  mixture,  and  enclosed  in  thin  bulbs,  which  can  be 
broken  under  the  iodine  solution  :  this  is,  however,  not  required  with 
the  ordinary  preparations.  Sulphites  and  bisulphites  of  the  alkalies 
and  alkaline  earths,  also  zinc  and  aluminium,  may  all  be  titrated  in 
this  way  with  accuracy;  the  less  soluble  salts,  of  course,  requiring 
more  time  and  agitation  to  ensure  their  decomposition.  A  preliminary 
titration  is  first  made  with  a  considerable  excess  of  iodine,  and  a 
second  with  a  more  moderate  exce^  as  indicated  by  the  first  trial. 
1  cc.  ^/lo  iodine  =  0-0032  gm.  SOg. 

The  authors  found  that  when  perfectly  pure  iodine  and  neutral 
potassium  iodide  were  used  for  the  standard  solution,  its  strength 
remained  intact  for  a  long  period ;  and  the  same  with  the  thiosulphate, 
if  the  addition  of  about  2  gm.  of  potassium  bicarbonate  to  the  liter  was 
made,  and  the  stock  solution  kept  in  the  dark. 

From  a  large  number  of  experiments,  they  also  deduced  the  simple 
law  of  the  ratio  between  any  given  percentage  of  SOg  in  aqueous 
solution  at  15*4°  and  760  m.m.,  and  its  specific  gravity;  namely,  the 
percentage  found  by  titration  multiplied  by  0*005  and  added  to  unity 
gives  the  sp.  gr. 

In  easels  where  the  iodine  method  may  not  be  suitable,  W.  B. 
Giles  recommends  the  use  of  a  standard  ammoniacal  silver  nitrate. 
This  process  is  applicable  alike  to  SOg,  sulphites  and  bisulphites. 
The  silver  solution  may  conveniently  be  of  ^/i©  strength,  but  before 
use  ammonia  is  added  in  sufficient  quantity,  first  to  produce  a 
precipitate  of  silver  oxide,  then  to  dissolve  it  to  a  clear  solution.  A 
known  excess  of  this  solution  is  digested  in  a  closed  bottle,  with  the 
substance,  in  a  water-bath  for  some  hours,  the  result  of  which  is  the 
reduction  of  the  silver  as  a  bright  mirror  on  the  sides  of  the  vessel. 
The  filtered  liquid  and  washings  may  then  be  titrated  by  thiocyanate 
for  the  excess  of  silver,  or  the  mirror  together  with  any  collected  on 
the  filter  after  washing  and  burning  to  ash  may  be  dissolved  in  nitric 
acid  and  estimated  by  the  same  process  (§  43).  1  cc.  ^/jq 
silver  =  0-0032  gm.  of  SOg. 

Example  :  0'1974  giii.  of  chemically  pure  potassium  metasulphite  was  weighed 
out  and  treated  as  above  described,  the  mirror  of  silver  and  a  little  on  the  filter 
estimated  gave  0*1918  gm.  of  metallic  silver,  which  multiplied  by  the  factor 
1-028  gives  019717  of  metasulphite  or  99  9  °/o. 

This  method  is  very  useful  in  determining  the  percentage  of  the  SOg 
in  liquefied  sulphurous  acid,  which  is  now  found  in  large  quantities  in 
commerce.  By  cooling  down  this  substance  to  a  point  where  it  has  no 
tension,  small  bulbs  can  be  filled  with  facility  and  sealed  up.  After 
weighing  they  are  introduced  into  a  ?^eZZ-stoppered  bottle  containing 
an  excess  of  the  ammoniacal  silver,  and  the  stopper  firmly  secured  by 
a  clamp.  By  shaking  the  bottle  vigorously  the  bulb  is  broken,  and 
the  estimation  is  then  conducted  as  above  described. 

'       AggON./)..,  +  8O2  +  xNH^  =  Ag2  +  SO3  +  N2O5  +  XNH3. 
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6.     Estimation  of  Mixtures  of  Alkaline  Sulphides, 
Sulphites,  Thiosulphates,  and  Sulphates. 

The  estimation  of  tlio  al)<)ve-nienti()ne(l  substances  when  existing 
together  in  any  given  sohition  presents  great  (iifticulty.  Richardson 
and  Aykroyd  {J,  S.  C  /.  xv.  171)  have,  however,  published  a  method 
which  seems  to  give  fairly  accurate  results. 

The  estimation  of  the  SO-  in  such  a  mixture  cannot  be  done 
volumetrically,  but  by  the  addition  of  about  5  gm.  of  tartaric  acid  to 
such  a  quantity  of  solution  of  mixed  thiosulpliate,  sulphate,  and 
sulphite  as  would  be  usually  taken  for  analysis,  the  SO3  may  be 
precipitated  with  Imrium  chloride  in  the  cold.  The  precipitate  of 
BaSO^  contains  some  barium  sulphite,  but  this  is  easily  removed  by 
hot  dilute  HCl  and  boiling  water.  The  thiosulphate  produces  no  SOg 
whatever  under  these  circumstances,  whereas  in  the  presence  of  a 
mineral  acid,  sulphate  is  always  produced. 

The  sulphides  are  estimated  by  standanl  ammoniacal  zinc  solution, 
which  may  conveniently  ])e  of  such  strength  that  1  c.c.  =  0-0016  of  S, 
using  nick(>l  sulphaUj  solution  as  an  external  indicator. 

Tliis  zinc  solution  is  easily  made  from  pure  metallic  zinc  dissolved 
in  HCl,  and  the  precipitate  which  is  formed  by  abiding  ammonia,  is 
brought  into  clear  solution  by  a  mo<lerate  excess  of  the  same  re-agent. 

The  zinc  solution  is  also  used  for  removing  sulphides  from  a  mixture 
of  these  with  thiosulphates,  sulphite*,  and  sulphates  prior  to  the 
estimation  of  the  latter  boilies.  In  this  case  it  is  only  necessary  to 
add  a  slight  excess  of  the  zinc  solution,  and  filter  off  the  precipitated 
sulphide. 

The  authors  of  this  method  after  ^winting  out  the  value  of 
(liles  and  Shearer's  metho<l  of  estimating  sulphites  by  iodine 
just  dest^ribed,  mention  a  method  devised  by  themselves,  which 
enables  them  to  estimate  not  only  sulphites  Init  free  SOj,  not  only 
in  a  j)ure  state  but  in  mixtures  with  sulphates,  thiosulphates,  and 
sulphides.  They  avail  themselves  of  the  well-known  reaction,  that 
when  iodine  is  added  to  a  neutral  sidphite,  neutral  sulphate  and  an 
equivalent  amount  of  hydriodic  acid  are  formed 

Xa^SOg  + 12  +  H./)  =  Na.^S04  +  2HI, 
and   the  acidity   of    the   solution   may  be  accurately  measured   by 
standard  alkali  and  methyl  orange. 

The  authors  state  that  the  best  plan  is  to  convert  all  sulphites  to 
bisulphites,  i.e.,  to  the  hydrogen  sulphite  of  the  base  :  this  is  necessary 
because  a  sulphite  may  be  alkaline,  or  it  may  be  exclusively  acid. 
Sodium  bisulphite  is  (|uite  neutral  to  methyl  orange,  and  by  titrating 
the  solution  of  a  neutral  sulphite  with  ^/jq  sulphuric  acid,  using 
methyl  orange,  a  jKiint  occurs  when  all  the  sulphite  is  converted  into 
the  acid  sulphite.  The  r(»ason  for  this  is  jmtent  when  the  reaction 
which  takes  place  when  an  acid  sulphite  acts  u\yon  icxiine  is 
considere<l — 

NaII.S()^  +  ()H2+l2=iV^a//.^'04+2III. 

Here  is  a  new  factor,  inasmuch  as  the  titration  with  alkali  and  with 
methyl  orange  as  indicator  is  concerned ;  although  the  acid  sodium 
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sulphite  is  neutral  to  methyl  orange,  the  acid  sodium  sulphate  is  acid 
to  the  full  and  exact  extent  of  its  combining  power. 

Thus  one  molecule  of  sodium  bisulphite,  on  titration  with  ^/lo 
iodine,  liberates  acid  equivalent  to  three  molecules  of  sodium  or 
potassium  hydrate. 

Example  :  A  solution  containing  1*62  per  cent,  of  Na^SOs-TAq  was  titrated. 
Iodine  solution  equiyalent  to  9*5  o.c.  "/lo  I;  299  c.c.  were  required;  the 
mixture  required  14*6  c.c.  of  ^/lo  NaHO.  Now  9"5  c.c.  ^/lo  I  »ud  14-6  c.c. 
^Iio  NaHO  are  in  the  ratio  of  2  :  3  almost  exactly;  by  using  00126  as  the 
factor  for  the  c.c.  of  ^^/lo  I  and  0084 for  the  ^^/lo  NaHO,  both  results  give  1*64 
per  cent,  of  Na2803.7Aq.  (Of  course  the  sulphite  solution  had  been  previously 
titrated  with  ^/lo  H3SO4  in  the  presence  of  methyl  orange.) 

As  the  details  of  calculation  may  be  somewhat  obscure  to  those  who  have  not 
experimented  in  this  direction,  the  working  out  of  an  actual  analysis  is  of 
interest.  A  solution  containing  1  per  cent,  of  pure  sodium  thiosulphate,  and  0*78 
per  cent,  of  sodium  sulphite,  was  titrated  upon  20  c.c.  of  iodine ;  19'3  c.c.  were 
required  to  decolorize ;  to  neutralize  with  methyl  orange  as  indicator  17*9  c.c.  of 
^Ii6  soda  were  required ;  therefore  100  c.c.  of  the  mixture  required  103*6  c.c. 
iodine  and  92*7  c.c.  of  ^/lo  soda  respectively;  the  c.c.  of  soda x 0*0084  give 
0*7787  as  the  percentage  of  Naj803.7Aq,  and  this  figure +0*0126  (the  factor  for 
1  c.c.  iodine  in  NajS03.7Aq)  gives  61*8  c.c,  and  this  subtracted  from  103*6  c.c. 
of  total  iodine  required  gives  41*8  c.c,  and  this  x  0*0248  gives  1*036  instead  of 
1  per  cent,  of  Naj8203-^'^4' 

The  advantage  of  this  method  is  better  seen  in  the  case  of 
a  complex  mixture,  where  one  must  remove  sulphides  or  other  bodies 
by  the  addition  of  an  alkaline  solution  of  zinc  or  other  precipitating 
agent.  The  alkaline  filtrate  is  speedily  brought  into  a  suitable 
condition  for  iodimetric  and  alkahmetric  titration  by  the  method 
proposed. 

Example  :  A  solution  of  known  amounts  of  sodium  thiosulphate  and  sulphite 
was  treated  with  10  c.c.  of  a  strongly  ammoniacal  zinc-chloride  solution,  and  the 
mixture  was  titrated  with  it  until  it  gave  a  neutral  reaction  with  methyl  orange ; 
it  was  now  made  to  1000  c.c,  and  was  titrated  upon  a  known  volume  of  ^/lo 
iodine,  using  starch  to  find  the  end-reaction  (which  is  otherwise  somewhat 
obscured  by  the  methyl  orange).  The  disappearance  of  the  blue  colour  and  the 
appearance  of  the  pinkish-purple  of  the  acidified  methyl  orange  is  both  interesting 
and  striking.  Titration  with  ^/lo  NaHO  was  now  easily  accomplished.  The 
results  were  exact  in  the  case  of  thiosulphate,  and  very  slightly  in  excess  in  the 
case  of  sulphite. 

After  the  sulphite  and  thiosulphate  solution  has  been  titrated  upon 
a  known  volume  of  ^'/jq  iodine,  the  sulpliate  formed  is  estimated  by 
barium  at  a  boiling  heat  in  the  presence  of  a  little  dilute  HCl.  Any 
sulphate  in  the  original  solution  is,  of  course,  estimated  by  the  tartaric 
acid  method  and  deducted  from  the  result.  Ammonium  tartrate  must 
be  avoided  in  the  process,  owing  to  its  solvent  action  on  barium 
sulphate. 

On  |)age  79  this  method  is^  alluded  to  as  modified.  What  is  meant 
is  that  the  process  is  only  strictly  applicable  in  the  absence  of  organic 
matter.  When  that  is  present  it  is  preferable  to  use  the  iodine 
process  as  follows  : — 

(I)  Total  Iodine  tJrt/ue  o/"  ,»o/M^io»  =  H^S  +  H2SO3  +  H^Oj  determined  by 
running  known  volume  of  solution  into  excess  of  ^/lo  iodine  acidified  with 
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hydrochloric  acid  and   hringing   hack   with  ^/lo  thiosulphate.     This  gives 
A^  H2S  -f  HjSOj  +  H2S2O3  accurately  without  loss. 

(2)  Iodine  value  of  H«S. — Add  excess  of  ammoniaoal  zinc  chloride,  filter, 
wash  ;  wash  ZnS  into  ^/lo  iodine  and  hydrochloric  acid  (as  described  on 
page  78).  This  gives  B^^^S  accurately.  Then  A-B  gives  AjSOs  +  HjSjO, 
accurately. 

(3)  Iodine  value  of  H^iOj.— To  filtrate  from  B  add  acid  to  exactly 
neutralize  with  methyl  orange  indicator. 

Then  titrate  with  iodine  and  starch  C  »  H^SjOs  +  H^SOs  in  flUraie 

Then  with  J^/io  alkali  „  |  alkali  ^/lo  D=  HjSO, 

The  I  ^/lo  alkali  used » iodine  equivalent  of  H^SOs  in  the  filtrate  (not  in  the 
original  solution,  as  oxidation  occurs  in  filtration)  accurately. 

And  C  — D^H^Oj  accurately. 

(4)  Iodine  value  of  RgSOs. — Gk)t  by  difference 

HjSOj  f  H^jOa = A  -  B  accurately 

H^SA=»C-D 

HjSOa  A-B-(C-D)       „ 

The  procedure,  so  modified,  is  to  obtain  the  sulphurous  acid  by 
difference  in  place  of  directly.  Thiosulphate  suffers  no  appreciable 
oxidation  on  filtration  ;  sulphite  does.  Hence  by  determining  thio- 
sulphate and  sulphide  accurately  sulphite  is  got  by  difference 
accurately.  This  difference  figure  is  always  rather  higher  than  the  one 
deduced  acidimetrically  (D,  above.) 

Another  series  of  processes  for  ascertaining  the  proportions  of 
mixtures  of  sulphuretted  hydrogen,  sulphurous  and  thiosulphuric  acids, 
have  been  worked  out  by  W.  Feld  (Die.  Chem,  Ind.  1898,  372).  The 
methods  described  are  applicable  to  the  alkali  or  alkaline  earth  salts 
of  the  above  acids,  even  when  present  in  small  quantities. 

(1)  Sulphides. — Alkali  or  alkaline  earth  sulphides  evolve  the  whole  of  their 
sulphur  as  H.^S  when  boiled  with  a  concentrated  solution  of  magnesium  chloride 
in  an  atmosphere  of  CO^.  The  powdered  and  moistened  sample  is  placed  in  a 
300  c.c.  Erlenmeyer  flask  provided  with  a  doubly-bored  rubber  stopper. 
Through  one  hole  a  small  tap-funnel  passes  to  the  bottom  of  the  flask,  through 
the  other  a  glass  tube  leads  to  four  sets  of  potash-bulbs  in  series.  Tlie  last  of 
these  is  connected  to  a  10-liter  bottle  acting  as  aspirator.  The  neck  of  the  tap- 
funnel  is  connected  to  a  supply  of  CO.^,  which  must  liave  no  action  on  a  solution 
of  iodine.  The  first  set  of  potash-bulbi  is  empty,  the  second  and  third  contain 
rather  more  iodine  solution  than  will  suffice  to  absorb  all  the  H^S  evolved,  the 
fourth  contains  ^/lo  thiosulphate  solution,  to  take  up  any  iodine  carried  over  by 
the  COj.  About  1  liter  of  COj  is  first  passed,  in  order  to  displace  the  air  in  the 
apparatus,  the  tap  of  the  funnel  is  then  closed,  and  about  20  c.c.  of  25  per  cent, 
magnesium  chloride  solution  introduced.  Connection  is  now  made  to  the  supply 
of  GO2,  and  the  magnesium  chloride  solution  run  into  the  flask,  the  contents  of 
which  are  slowly  heated  to  boiling  in  a  current  of  COj  passing  at  the  rate  of 
10  liters  in  three-quarters  of  an  hour.  The  operation  is  usually  ended  when 
5  liters  have  passed.  The  contents  of  the  potash-bulbs  are  finally  washed  out  and 
titrated ;  the  reactions  are— 

BaS  +  MgClj  +  COi  +  H2O  =  BaCli  +  MgCOj  +  H^S,  and  H.S  +  21  =  2HI  +  S. 

Test  analyses  with  BaSH.OH  +  5H3O  gave  good  results. 

(2)  Sulphites  are  determined  in  the  same  apparatus  and  in  the  same  way, 
hydrochloric  acid  taking  the  place  of  magnesium  chloride. 

(3)  Thiosulphites  evolve  some  H^S  when  treated  with  hydrochloric  acid. 
The   following    method    is   found,  however,  to    give  accurate   results :— The 
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thioeulpbate  w  first  converted  (by  titration  with  iodine  solution)  into 
tetrathionate.  The  solution  of  the  tetrathionate,  diluted  with  CO  o.c.  of  water,  is 
placed  in  the  flask  with  elce^s  of  aluminium  foil,  and  treated,  in  an  atoosphere 
of  COj,  with  dilute  hydroohlorio  acid  in  the  cold.  The  reduction  to  HjS,  which 
is  collected  as  before,  takes  place  quantitatively  accorcting  to  the  equation^— 

NasSfOe  +  20HC1  +  6Al:=2NaCl  +  SAljCle  +  GHjO  +  -iHjS. 

(4)  Thiosulphate  in  PBE8ENCE  OF  SuLPHiTE.— This  determination  is 
made  by  method  (3).  The  titration  with  iodine  oxidizes  the  sulphite  into 
sulphate,  which  is  not  affected  by  nascent  hydrogen. 

(5)  Sulphite  in  presence  of  Thiosulphate.^— Excess  of  mercuric  chloride 
is  added  to  the  substance  ;  the  thiosulphate  is  thus  converted  into  mercuric 
sulphide — 

NajSjOa  +  HgClj  +  HgO  =  Na^SQ^  +  HgS  +  2HCI 

whilst  the  sulphite  is  not  affected  and  is  determined  by  (2). 

(6)  Sulphide,  Sulphite,  and  Thiosulphate.—  The  sample  is  first  distilled 
with  magnesium  chloride,  as  described  in  (1).  This  gives  the  sulphide.  The 
potash-bulbs  are  then  refilled,  excess  of  mercuric  chloride  added  to  the  cold 
contents  of  the  flask,  which  are  then  distilled  with  hydrochloric  acid  as  described 
under  (2).  This  gives  the  sulphite.  The  thiosulphate  is  determined  in  a  fresh 
sample  by  titrating  with^odine,  by  which  the  sulpnide  is  oxidized  to  sulphur  and 
the  sulphite  to  sulphate,  and  then  reducing  by  nascent  hydrogen  as  described 
under  (3). 

When,  in  addition  to  the  alkali  or  alkaline  earth  salts  of  the  acids  considered, 
the  substance  contains  polysulphides,  free  sulphur,  and  sulphides  of  the  heavy 
metals,  the  difl&culties  are  much  greater,  and  the  author  is  working  for  further 
information.  In  the  meantime  he  has  obtained  satisfactory  results  as  follows: — 
Free  sulphur  is  extracted  by  carbon  bisulphide,  and  weighed  after  evaporation  of 
the  solvent.  The  sulphur  present  as  sulphide  is  then  determined  by  method  (1). 
In  this  operation  the  sulphur  of  the  polysulphides  is  evolved  partly  as  H^S,  the 
remainder  separating  in  the  free  state.  The  latter  part  is  extracted  by  carbon 
bisulphide.  If  a  sulphite  is  present,  however,  some  thiosulphate  is  formed.  The 
solution  is  now  titrated  with  iodine,  during  which  operation  the  sulphur  present 
as  ferrous  sulphide  separates  in  the  free  state  and  is  extracted  with  carbon 
bisulphide.  The  solution  is  now  treated  by  method  (3)  to  determine  the 
thiosulphate.  The  presence  of  other  polythionic  acids  introduces  an  error  here. 
In  solid  substances  sulphites  may  occur  in  presence  of  polysulphides ;  in  this 
case  they  are  determined  by  treatment  with  mercuric  chloride  and  distillation 
with  hydrochloric  acid,  according  to  method  (2). 

Lunge  and  Smith's  methods  for  the  same  purpose  are  described 
in  J»  S.  C,  I.  ii.  463,  and  also  in  the  fifth  edition  of  this  book. 

SUIiPHUBIC  ACID  AND  SUIiPHATES. 
Monohydrated  Sulphuric  Acid. 

HgSO^  =  98. 

Sulphuric  Anhydride. 

S(\  =  80. 

1.    Mohr's  Method. 

§  77.  In  my  opinion  the  estimation  of  sulphuric  acid  in  most 
cases  is  more  easily  obtained  by  weight  than  by  volumetric  methods, 
but  there  are  circumstances  in  which  the  latter  are  useful.  The 
indirect  process  devised  by  C.  Mohr  (Ann.  der  Chein.  u.  Pharm  xc. 
165)  consists  in  adding  a  known  volume  of  barium  solution  to  the 
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compound,  more  than  sufficient  to  precipitate  the  SOg.  The  excess  of 
barium  m  converted  into  carbonate,  and  titrated  with  normal  acid  and 
alkali. 

Normal  barium  chloride  is  made  by  dissolving  121*77  gm.  of  pure 
crystals  of  chloride  in  the  liter ;  this  solution  likewise  suffices  for  the 
determination  of  SOg  by  the  direct  method. 

Method  of  Pbocedure  :  If  the  substance  contains  a  considerable  quantity 
of  free  acid,  it  must  be  brought  near  to  neutrality  by  pure  sodium  carbonate;  if 
alkaline,  slightly  acidified  with  hydrochloric  acid ;  a  round  number  of  c.c.  of 
barium  solution  in  excess  is  then  added,  and  the  whole  digested  in  a  warm  place 
for  some  minutes :  the  excess  of  barium  is  precipitated  by  a  mixture  of  carbonate 
and  caustic  ammonia  in  slight  excess ;  if  a  piece  of  litmus  paper  be  thrown  into 
the  mixture,  a  great  excess  may  readily  be  avoided.  The  precipitate  containing 
both  sulphate  and  carbonate  is  now  to  be  collected  on  a  filter,  thoroughly  washed 
with  boiling  water,  and  titrated. 

The  difference  between  the  number  of  c.c.  of  barium  solution 
added,  and  that  of  normal  acid  required  for  the  carlwnate,  will  be  the 
measure  of  the  sidphuric  acid  present ;  each  c.c.  of  barium  solution 
is  equal  0-040  gm.  SOg, 

ExAMPLK :  2  gm.  of  pure  and  dry  barium  nitrate,  and  I  gm.  of  pure  potassium 
sulphate  were  dissolved,  mixed,  and  precipitated  hot  with  carbonate  and  free 
ammonia  ;  the  precipitate,  after  being  thorouf^hly  washed,  gave  1*002  gm. 
potassium  sulphate,  instead  of  1  gm. 

For  technical  purposes  this  process  may  be  considerably  shortened 
by  the  following  modification,  w^hich  dispenses  with  the  washing  of 
the  precipitate. 

The  solution  containing  the  sulphates  or  sulphuric  acid  is  first  rendered 
neutral ;  normal  barium  chloride  is  then  added  in  excess,  then  normal  sodium 
carbonate  in  excess  of  the  barium  chloride,  and  the  volume  of  both  solutions 
noted  ;  the  liquid  is  then  made  up  to  200  or  300  c.c.  in  a  flask,  and  an  aliquot 
portion  filtered  off  and  titrated  with  normal  acid.  The  difference  between  the 
barium  chloride  and  sodium  carbonate  gives  the  sulphuric  acid. 

The  solution  must  of  course  contain  no  substance  precipitable  by 
soilium  cnrbonate  except  Ivarium  (or  if  so,  it  must  be  previously 
removed) ;  nor  must  it  contain  any  substance  precipitable  by  barium, 
such  as  phosphoric  or  oxalic  acid,  etc. 

2.    Titration  by  Barium  Chloride  and  Fotassiiun 

Chromate  (Wildenstein). 

To  the  hot  solution  containing  the  SOg  to  be  estimated  (which 
must  be  neutral,  or  if  acid,  neutralized  with  ammonia,  free  from 
carbonate),  a  standard  solution  of  barium  chloride  is  added  in  slight 
excess,  then  a  solution  of  potassium  chromate  of  known  strength  is 
cautiously  added  to  precipitate  the  excess  of  barium.  So  long  as  any 
barium  remains  in  excess,  the  supernatant  liquid  is  colourless ;  when 
it  is  all  precipitated  the  liquid  is  yelfew,  from  the  free  chromate; 
a  few  drops  only  of  the  chromate  solution  are  necessary  to  produce 
a  distinct  colour. 

Wildenstein  uses  a  l)arium  solution,  of  which  1  c.c.  =  0*015  gm. 


332  VOLUMETRIC  ANALYSIS.  §  77. 

SO3,  and  chromate  1  c,c.=0'010  gm.  of  SO3.  I  prefer  to  use  ^/a 
solutions,  so  that  1  c.c.  of  eacli  is  equal  to  0*02  gm.  of  SO3.  If  the 
chromate  solution  is  made  equal  to  the  barium  chloride,  the  operator 
has  simply  to  deduct  the  one  from  the  other,  in  order  to  obtain  the 
quantity  of  barium  solution  really  required  to  precipitate  all  the  SO3. 

Method  of  Pbocedube:  The  substance  or  solution  containing  SO3  is 
brought  into  a  small  flask,  diluted  to  about  60  c.c,  acidified  M  necessary  with 
HCl,  heated  to  boiling,  and  precipitated  with  a  slight  excess  of  standard  barium 
chloride  delivered  from  the  burette.  As  the  precipitate  rapidly  settles  from  a 
boiling  solution,  it  is  easy  to  avoid  any  great  excess  of  barium,  which  would 
prevent  the  liquid  from  clearing  so  speedily.  The  mixture  is  then  cautiously 
neutralized  with  ammonia  free  from  carbonic  acid  (to  be  certain  of  this,  it  is 
well  to  add  to  it  two  or  three  drops  of  calcium  chloride  or  acetate  solution). 

The  flask  is  then  heated  to  boiling,  and  the  chromate  solution  added  in  \  c.c. 
or  so,  each  time  removing  the  flask  from  the  heat  and  allowing  to  settle  until  the 
liquid  is  of  a  light  yellow  colour ;  the  quantity  of  chromate  is  then  deducted 
from  the  barium  solution,  and  the  remainder  calculated  for  SOg. 

Or  the  mixture  with  l»rium  in  excese  may  be  diluted  to  100  or  160  c.c,  the 
precipitate  allowed  to  settle  thoroughly,  ana  25  or  50  c.c.  of  the  clear  liquid 
heated  to  boiling,  after  neutralizing,  and  precipitated  with  chromate  until  all  the 
barium  is  carri^  down  as  chromate,  leaving  the  liquid  of  a  light  yellow  colour; 
the  analysis  should  be  checked  by  a  second  titration.  The  process  has  yielded 
me  very  satisfactory  results  in  comparison  with  the  barium  method  by  weight ; 
it  is  peculiarly  adapted  for  estimating  sulphur  in  gas  when  burnt  in  the 
Letheby  sulphur  apparatus,  details  of  which  will  be  found  in  §  76.  2. 

The  presence  of  alkaline  and  earthy  salts  is  of  no  consequence — 
JZn  and  Cd  do  not  interfere — Ni,  Co,  and  Cu  give  coloured  solutions 
which  prevent  the  yellow  chromate  being  seen,  but  this  difficulty  can 
be  overcome  by  the  use  of  an  external  indicator  for  the  excess  of 
chromate.  This  indicator  is  an  amraoniacal  lead  solution,  made  by 
mixing  together,  at  the  time  required,  one  volume  of  pure  ammonia 
and  four  volumes  of  lead  acetate  solution  (1  :  20).  The  liquid  has 
«n  opalescent  appearance.  To  use  the  indicator,  a  large  drop  is  spread 
upon  a  white  porcelain  plate,  and  one  or  two  drops  of  the  liquid 
under  titration  added ;  if  the  reddish-yellow  colour  of  lead  chromate 
is  produced,  there  is  an  excess  of  chromate,  which  can  be  cautiously 
reduced  by  adding  more  barium  until  the  exact  balance  occurs. 

A  variation  of  the  chromate  method  has  been  devised  by 
Andrews  (Anier.  Chem.  Jour,  1880,  567),  which  is  especially  service- 
able for  determining  the  combined  SO3  in  alkaline  salts.  The 
method  is  strongly  recommended  by  Router  (Chem.  Zeit.  1898,  357) 
as  simple  and  easy  of  execution. 

Method  op  Procedure  :  3  or  4  gm.  of  pure  precipitated  barium  chromate 
are  dissolved  in  30  c.c.  of  strong  hydrochloric  acid,  and  the  whole  is  diluted  to 
1  liter.  The  liquid  to  be  tested,  which  should  contain  about  0*07  gm.  of  SO3  as 
an  alkali  sulphate,  is  mixed  at  the  boiling  point  with  an  excess  (150  c.c.)  of  the 
chromate  solution  ;  the  acid  is  neutralized  with  pure  powdered  chalk,  and  the 
precipitate  is  removed  by  filtration.  After  thorough  cooling,  the  filtrate  is 
acidified  with  6  c.c.  (not  more)  of  strong  HCl,  20  c.c.  of  a  10  per  cent,  solution 
of  potassium  iodide  are  added,  and  the  liquid  is  allowed  to  rest  for  five  minutes 
in  a  covered  beaker  and  in  an  atmosphere  of  carbonic  acid  (to  prevent  oxidation 
of  the  HI)  until  the  chromic  acid  is  entirely  reduced.  Finally,  it  is  diluted  to 
1  or  li  liter,  and  titrated  quickly  with  thiosulphate ;  three  atoms  of  iodine 
corresponding  to  1  molecule  of  SO3. 
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8.    Direct  Freoipitation  with  TSormal  Buium  Chloride. 
Veiy  good  results  may  tic  obtained  by  this  m(«thod  wlieu  carefully 
performed. 

Method  of  Pbocbdubb  :  The  subtUnoe  in  nolution  in  to  be  acidified  with 
hjdrochloric  acid.  beKt«d  to  boiling,  and  the  b«rium  Bolution  allowed  to  Saw 
anitiounl;  in  from  the  burette  until  no  further  precipitation  oocurB.  The  end 
of  tbe  procem  can  only  be  deWrmined  by  fiJterine-  ■  portion  of  the  liquid,  and 
testing  with  a  drop  of  the  barium  solution.  Beale'*  filter  (shown  in  fig.  23)  ia 
a  good  aid  in  this  ose,  A  few  droiw  of  clear  liquid  are  poured  into  a  te»t  tube, 
ai^  a  drop  of  barium  nolution  added  from  the  burette  ;  if  a  cloudineHi  occun, 
the  content*  of  tbe  tubes  must  be  emptied  back  again,  washed  out  into  the  liquid, 
and  more  barium  solution  added  untU  all  tbe  SOj  is  precipitated.  It  is  advinble 
to  u*e  ^/lo  solution  towards  tbe  end  of  the  proceas. 

IuBt«ad  of  the  teut  tube  for  tiiKliu^'  whetlier  barium  or  sulphuric 
acid  is  in  excess,  a  plato  of  black  ^1^'*'*  Tn^y  be  used,  on'wiiich  a  drop 
of  the  clear  solution  in  jiloccd  and  tented  hy  either  a  drop  of  barium 
chloride  or  sodium  sulpliate, — tliesc  tcatiiig  solutions  are  preferably 
kept  in  two  sniull  bottles  with  clungatrd  stoppers.  A  still  bctt«r 
plan  is  to  spot  the  liipiiili*  on  a  Hiiiall  mirror,  as  suggeste<l  by 
Haddock  (C.  iV.  xxxix.   156);    tho  faintest    reaction  can  then  be 

Kcun,  although  the  liquid  may  be  higldy  coloured. 

Wildenstein  has  arranged  another  method  for 
direct  precijiiUition,  especially  useful  wliere  a  constant 
Mitries  of  estimations  liave  to  be  made.  The  apjtaratus 
\a  shown  in  (ig.  55.  A  is  a  bottle  of  900  or  1000  c.c 
capacity,  with  the  bottom  removed,  and  made  of 
well -annealed  glass  so  as  to  stand  heating ;  B  a  thistle 
funnel  l)ont  rouml,  a  "  '  " 
tilter  is  put  into  ac 
Wlow  the  cork.      TJ 


Fiu.  5fl. 


n  the  figure,  and  thi»)  syphoi 
1  by  o|)ening  the  pinch-cock 
mouth  of  the  funnel  is  first 
•■  of  fine  cotton  clotli,  then 
two  thii.'kn<'!4.>u'.4  of  Swedish  filter-]  la per,  and  again 
witli  a.  jiieei-  of  cottciti  chith,  the  whole  being  securely 
tii'd  with  waxwl  thwMil. 
In  precipitating  iH>^  by  Ukrium  chloride,  there  occurs  a  pojut 
similar  to  the  so-called  neutral  jioint  in  silver  assay,  when  in  one  and 
the  same  solution  both  barium  and  sulphuric  aeid  after  a  minute  or 
two  produce  a  cloudiness.  Owing  t^  this  circumstance,  the  liarium 
solution  must  not  !«  reckoned  exactly  by  its  amount  of  UaClj,  Itut 
by  ite  working  effect ;  that  is  to  say,  the  process  must  be  considered 
ended  when  the  addition  of  a  drop  or  two  of  barium  solution  givea 
no  cloudiness  after  the  lapse  of  two  minutes. 

Mrthop  of  PuoTRDrBE ;  The  solution  nontaining  the  SOi  bein*;  prepared^ 
and  prefembly  in  HCI,  the  vesjel  A  is  fillnl  with  warm  distilled  water  and  the 
pinch-cock  opened  m>  as  to  fill  tbe  filter  to  tbe  bond  C ;  tbe  cock  is  then  opened 

and  shut  a.  few  (imeH  so  as  to  brin>[  the  imttT  further  down  into  the  tube,  but 
not  to  fill  it  entirely :  the  wiiler  i»  then  emptied  out  of  A,  and  about  400  i-.c.  of 
boiled  distilled  water  jwnreel  in  toKCther  with  tbe  SOj  solution,  then,  if 
necessary,  a  small  quantity  of  HCI  added,  and  the  barium  chloride  added  in 
moderate  quantity  from  a  burette.  After  mixing  well,  and  waitinfr  >  'ew 
minutes  a  portion  is  drawn  off  into  a  small  beaker,  and  poured  bock  without  loss. 


334  VOLUMETRIC  ANALYSIS.  §  77. 

into  A ;  a  small  quantity  is  then  drawn  off  into  a  test  tube,  and  two  drops  of 
barium  chloride  added.  So  long  as  a  precipitate  occurs,  the  liquid  is  returned 
to  A,  and  more  barium  added  until  a  test  is  taken  which  shows  no  distinct 
cloudiness ;  the  few  drops  added  to  produce  this  effect  are  deducted.  If  a  distinct 
excess  has  been  used,  the  analysis  must  be  corrected  with  a  solution  of  SO3 
corresponding  in  strength  to  the  barium  solution. 

A  simpler  and  even  more  serviceable  arrangement  of  apparatuai 
on  the  above  plan  may  be  made,  by  using  as  the  boiling  and 
precipitating  vessel  an  ordinary  beaker  standing  on  wire  gauze  or  a  hot 
plate.  The  filter  is  made  by  taking  a  small  thistle  funnel,  tied  over 
as  described,  with  about  two  inches  of  its  tube,  over  which  is  tightly 
slipped  about  four  or  five  inches  of  elastic  tubing,  terminating  with 
a  short  piece  of  glass  tube  drawn  out  to  a  small  orifice  like  a  pipette  ; 
a  small  pinch-cock  is  placed  across  the  elastic  tube  just  above  the 
pipette  end,  so  that  when  hung  over  the  edge  of  the  beaker  with  the 
funnel  below  the  surface  of  the  liquid,  the  apparatus  wiU  act  as 
a  syphon.  It  may  readily  be  filled  with  warm  distilled  water  by 
gentle  suction,  then  transferred  to  the  liquid  under  titration.  By  its 
means  much  smaller  and  more  concentrated  liquids  may  be  used  for 
the  analysis,  and  consequently  a  more  distinct  evidence  of  the  reaction 
obtained. 

Persulphates. — ^The  alkaline  persulphates  may  be  readily  titrated 
by  adding  to  their  solution  a  known  excess  of  ferrous  salt  and 
estimating  the  amount  of  oxygen  absorbed,  by  titration  of  the  solution 
with  permanganate.  Tlie  salt,  say  of  potassium  persulphate  decomposes 
as  follows : — 

K3S2O3  =  KgSO^  +  SO2  +  Og. 

The  operation  requires  a  standard  permanganate,  whose  value  is 
known  upon  a  solution  of  ammonio-ferrous  sulphate,  containing 
about  30  gm.  per  liter.  The  method  adopted  by  Le  Blanc  and 
Eckardt  {C,  N.  Ixxxi.  38)  is  to  dissolve  about  2*5  gm.  of  the 
persulphate  in  water  and  dilute  to  100  c.c.  10  c.c.  of  this  solution  are 
placed  in  a  flask  with  5  c.c.  of  dilute  sulphuric  acid  of  1*16  sp.  gr., 
and  a  considerable  excess  of  ferrous  solution,  say  100  c.c,  then  about 
100  c.c.  of  distilled  water  at  a  temperature  of  70°  to  80°  C.  are  added, 
and  a  rapid  titration  made  with  permanganate.  The  reaction  is  the 
more  rapid,  the  greater  the  excess  of  iron  solution  within  reason. 

The  standard  solutions  are  best  verified  upon  a  known  pure 
persulphate  in  order  to  ascertain  the  comparative  composition  of  any 
given  sample. 

Another  method  consists  in  decomposing  the  persulphate  by  means 
of  potassium  iodide,  and  titrating  the  iodine  separated  with 
thiosulphate  solution.  2  to  3  gm.  of  the  sample  are  dissolved  in 
100  c.c.  of  water,  and  10  c.c.  of  the  solution  are  treated  with  an 
excess  of  potassium  iodide  (0*25  to  0*50  gm.),  and  heated  for 
10  minutes  in  a  drying  oven  at  60°  to  80°  C.  The  iodine  is  then 
titrated  with  ^/i©  thiosulphate,  starch  being  added  towards  the  end 
of  the  titration.  In  this  case  the  effects  of  the  process  are  best 
established  upon  a  known  pure  persulphate. 


i§  78.  SU'LPHUliErTED   HYDUOGEM.  335 

B.  Griitzner  {Ghem.  Centr.  1900,  435)  has  discovered  that 
arsenioiis  acid  is  completely  oxidized  to  arsenic  acid  by  alkali 
persulphates  in  alkaline  solution. 

In  applying  this  reaction,  about  0'3  gm.  of  the  alkali  persulphate 
is  lifted  gradually  to  boiling  with  50  c.c.  of  ^/^q  AsgOg  and  a  few 
c.c.  of  potash  or  soda-lye,  then  digested  for  a  short  time,  allowed  to 
cool,  the  liquid  made  faintly  acid  with  sulphuric  acid,  then  strongly 
alkaline  with  sodium  bicarbonate,  and  the  excess  of  arsenious  acid 
titrated  back  with  ''/jo  iodine  solution. 

Marie  and  Bun  el  {Bu7L  Soc,  Chiin,  xxix.  No.  18)  from  careful 
experiments  advocate  the  following  method  for  alkaline  persulphates  : — 

Dissolve  about  0*3  to  0*4  gm.  of  the  sample  in  100  o.c.  of  water ;  neutralize  the 
solution,  which  is  generally  acid,  in  the  presence  of  methyl-orange ;  then  add 
2  c.c.  of  methylic  alcohol,  heat  for  five  minutes  to  70 — 80^  and  then  boil  for  ten 
minutes,  cool,  and  titrate  with  methyl  orange  and  decinormal  soda. 

1  CO.  of  decinormal  soda  corresponds  to  0*0185  gm.  SO4K 
1  „  „  „  00119    „    S04Na. 

1  „  „  „  ^  0-0114    „    804Am. 

The  use  of  methyl  alcohol  is  based  on  the  supposition  that 
a  persulphate  transforms  a  portion  of  the  alcohol  into  aldehyde 
according  to  a  well  known  reAction.  The  results  obtained  by  them 
gave  very  satisfactory  results. 

SULPHVBETTED  HYDBOGEN. 

HgS  =  34. 

1  c.c.  */io  arsenious  solution  =  0*00255  gm.  H^S. 

1.    By  Arsenious  Acid  (Mohr). 

§  78.  This  residual  process  is  far  preferable  to  thellirect  titration 
of  sulphuretted  hydrogen  by  iodine.  The  principle  is  based  on  the 
fact,  that  when  H08  is  brought  into  contact  with  an  excess  of 
arsenious  acid  in  hyifrochloric  acid  solution,  arsenic  sulphide  is  formed; 
1  eq.  of  arsenious  acid  and  3  eq.  of  sulphuretted  hydrogen  produce 
1  eq.  of  arsenic  sulphide  and  3  eq.  of  water, 

ASjOg  +  3H.^S  =  AS283  +  3Rp. 

The  excess  of  arsenious  acid  used  is  found  by  ^'/jq  iodine  and  starch, 
as  in  §  40.  In  estimating  the  strength  of  sulphuretted  hydrogen 
water,  the  following  plan  may  be  pursued. 

Method  of  Pbocedurb  :  A  measured  quantity,  say  10  c.c.  of  ^/lo  arsenious 
solution,  is  put  into  a  300  c.o.  fla*<k,  and  20  c.c.  of  sulphuretted  hydrogen  water 
added,  well  mixed,  and  sufficient  HOI  added  to  produce  a  distinct  acid  reaction ; 
this  producer  a  precipitate  of  arsenic  sulphide,  and  the  liquid  itself  is  colourless. 
The  whole  is  then  diluted  to  300  c.c,  filtered  through  a  dry  filter  into  a  dry 
vessel,  100  c.c.  of  the  filtrate  taken  out  and  neutralized  with  sodium  bicarbonate, 
then  titrated  with  ^lio  iodine  and  starch.  The  quantity  of  arsenious  aoid  so 
found  is  deducted  from  the  original  10  c.c,  and  the  remainder  multiplied  by  the 
requisite  factor  for  HjS. 

The  estimation  of  HgS  contained  in  coal  gas,  may  by  this  method 
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be  made  very  accuiately  by  leading  the  gas  very  slowly  through  the 
arsenious  solution,  or  still  better,  thiough  a  dilute  solution  of  caustic 
alkali,  then  adding  arsenious  solution,  and  titrating  as  before  described. 
The  apparatus  devised  by  Mohr  for  this  purpose  is  arranged  as 
follows : — 

Ibe  pas  from  a  common  burner  is  led  by  means  of  a  vulcanized  tube  into  two 
successive  Fmall  wash-bottles,  containing  the  alkaline  solution;  from  the  last  of 
these  it  is  led  into  a  large  ^' oulff 's  bottle  filled  with  water.  Ihe  bottle  has 
two  necks,  and  a  tap  at  the  bottom  ;  one  of  the  necks  contains  the  cork  through 
iihich  the  tube  carrying  the  gas  is  passed ;  the  other,  a  cork  through  vihich  a 
good-sized  funnel  with  a  tube  reaching  to  the  bottom  of  the  bottle  is  passed, 
n'hen  the  gas  begins  to  bubble  through  the  flask,  the  tap  is  opened  so  as  to 
allow  the  water  to  drop  rapidly ;  if  the  pressure  of  gas  is  strong,  the  funnel  tube 
acts  as  a  safety  valve,  and  allows  the  water  to  rise  up  into  the  cup  of  the  funnel. 
"W  hen  a  sufficient  quantify  of  gas  has  passed  into  the  bottle,  say  six  or  eight 
pints,  the  water  which  has  issued  from  the  tap  into  some  convenient  vessel  is 
measured  into  cubic  inches  or  liters,  and  gives  the  quantity  of  gas  which  has 
displaced  it.  In  order  to  insure  accurate  measurement,  all  parts  of  the  apparatus 
must  be  tight. 

The  flahks  are  then  separated,  and  into  the  second  6  c.c.  of  arsenious  solution 
placed,  and  acidified  slightly  with  HCl.  If  any  traces  of  a  precipitate  occur  it  is 
set  aside  for  titration  with  the  contents  of  the  first  flask,  into  which  10  c.c.  or  so 
of  arsenious  solution  are  put,  acidified  as  before,  both  mixed  together,  diluted  to 
a  given  measure,  filtered,  and  a  measured  quantity  titrated  a«  before  described. 

This  method  does  not  answer  for  very  crude  gas  containing  large 
quantities  of  HgS  unless  the  absorbing  surface  is  largely  increased. 

2.    By  Fennanganate^(Mohr). 

If  a  solution  of  HjS  is  added  to  a  dilute  solution  of  ferric  sulphate, 
the  ferric  salt  is  reduced  to  the  ferrous  state,  and  free  sulphur 
separates.  The  ferrous  salt  so  produced  may  be  measured  accurately 
by  ]  ennanganate  without  removing  the  separated  sulphur.  Ferric 
sulphate,  free  from  ferrous  compounds,  in  sulphuric  acid  solution,  is 
placed  in  a  stoppered  flask,  and  the  solution  of  HjS  added  to  it  with 
a  pipette ;  the  mixture  is  allowed  to  stand  half  an  hour  or  so,  then 
diluted  considerably,  and  permanganate  added  until  the  rose  colour 
appears. 

56re=17H2S 

or  each  c.c.  of  ^/i©  peimanganate  represents  0*0017  gm.  of  H2S. 
The  process  is  considerably  hastened  by  placing  the  stopjiered  flask 
containing  the  acid  ferric  liquid  into  hot  water  previous  to  the 
addition  of  HoS,  and  excluding  air  as  much  as  possible. 

3.    By  Iodine. 

Suli»huretted  hydrogen  in  mineral  waters  may^  be  accurately 
estimated  by  iodine  in  the  following  manner : — 

Method  of  Pbocedube:  10  c.c.  or  any  other  necessary  volume  of  ^/loo 
iodine  solution  are  measured  into  a  SCO  c.c.  flask,  and  the  water  to  be  examined 
added  until  the  colour  disa]  pears.  5  c.c.  of  starch  indicator  are  then  added,  ard 
^/loo  iodine  until  the  blue  colour  appears;  the  flask  is  then  filled  to  the  mark 
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with  pure  distilled  water.  The  respective  volumes  of  iodine  and  starch  solution, 
together  with  the  added  water,  deducted  from  the  600  c.c,  will  show  the  volume 
of  water  actually  titrated  by  the  iodine.  A  correction  should  he  made  for  the 
excess  of  iodine  necessary  to  produce  the  blue  colour. 

Fresenius  examined  the  sulphur  water  of  the  Grindbrunnen,  in 
Frankfurt  a.  M,  (Z,  a.  C.  xiv.  321),  both  volumetrically  and  by 
vvreight  for  H^S  with  very  concordant  results.  361*44  gm,  of  water 
(correction  for  blue  colour  being  allowed)  required  20*14  c.c.  of  iodine, 
20-52  c.c.  of  which  contained  002527  of  free  iodine  =  H„S  0-009194 
gm.  per  million.  444*65  gm.  of  the  same  water  required,  under  the 
same  conditions,  25*06  c.c.  of  the  same  iodine  solution  =  H«S 
0*009244  gm.  per  million.  By  weight  the  HjS  was  found  to  be 
0*009377  gm.  per  million. 

TANNIC   ACID. 

§  79.  The  estimation  of  tannin  in  the  materials  used  for  tanning 
is  by  no  means  of  the  most  satisfactory  character.  M^y  methods 
have  been  proposed,  and  given  up  as  practically  useless.  Lowenthal's 
method,  with  later  variations,  is  accepted  as  the  best  volumetric 
method  ;  but  it  is  still  deficient  in  accuracy  or  constancy  of  results, 
although  much  ingenuity  and  intelligence  have  been  expended  on  it. 

One  difficulty  is  still  unsurmounted,  and  that  is,  the  preparation 
of  a  pure  tannic  acid  to  serve  as  standard.  The  various  tannins  in 
existence  are  still  very  imperfectly  understood,*  but  so  far  fis  the 
comparative  analysis  of  tanning  materials  among  themselves  is 
concerned,  the  method  in  question  is  theoretically  the  best. 

The  principle  of  the  method  depends  on  the  oxidation  of  the  tannic 
acid,  together  with  other  glucosides  and  easily  oxidizable  substances 
by  permanganate,  regulated  by  the  presence  of  soluble  indigo,  prepared 
from  what  is  commonly  called  indigo  carmine,  but  is  chemically 
sidphindigotate  of  sodium  or  potassium,  which  also  acts  as  an  indicator 
to  the  end  of  the  reaction.  The  total  amount  of  such  substances 
being  found  and  expressed  by  a  known  volume  of  permanganate,  the 
actual  available  tannin  is  then  removed  by  gelatine,  or  by  the  hide- 
powder  system,  and  the  second  titration  is  made  upon  the  solution  so 
obtained  in  order  to  find  the  amount  of  oxidizable  matters  other  than 
tannin. 

The  volume  of  permanganate  so  used,  deducted  from  the  volume 
used  originally,  shows  the  amount  of  tannin  actually  available  for 
tanning  purposes  expressed  in  terms  of  permanganate. 

H.  R.  Procter  in  his  Leather  Indtuftries  Laboratory  Book  gives 
the  most  recent  methods  of   using  this  process  in   the  Yorkshire 

*  Yon  Schrfider,  whose  Bugf^stioiiB  have  been  adopted  by  the  Gemum  Aasociation  of 
Tanners,  selects  a  commercial  pure  tannic  acid  for  use  as  a  standard  b^  dissolvinR  2  gm.  in 
a  liter  of  water.  10  c.c.  of  this  is  titrated  with  permanganate  as  described.  50  c.c.  are 
then  digested  twenty  hours  with  3  gm.  moistened  hide-powder.  10  c.c.  of  the  filtrate  from 
this  is  then  titrated,  and  if  the  permanganate  consumea  amounts  to  less  than  10  per  cent, 
of  the  total  consumed  by  the  tannin,  it  is  suitable  for  a  standard.  1000  ports  being  con> 
sidered  equivalent  in  reducing  power  to  1048  parts  of  tannin  precipitable  by  hide,  according 
to  Hammer's  experiments,  therefore  Yon  Schroder,  after  titrating  aa  described, 
calculates  the  dry  matter,  and  multiplies  by  the  round  number  1'05  to  obtain  the  value  in 
actual  tannin  precipitable  by  hide. 
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College  where  he  is  the  professor  of  leather  manufacture,  and  gives 
his  opinion  as  to  its  worth  as  to  leather  manufacture.  "  It  is  now 
much  superseded  hy  the  hide-powder  method,  but  there  are  still  a  few 
cases  in  which  it  may  be  employed  witli  advantage.  Where  only  one 
or  two  analyses  are  to  be  made  at  one  time,  the  preparation  and 
adjustment  of  solutions  is  much  more  tedious  than  gravimetric 
analysis,  but  where  a  number  of  successive  titrations  are  required  it  is 
considerably  more  rapid.  It  has  the  advantage  that  it  can  be  applied 
direct  to  solutions  however  dilute,  and  if  gelatine  precipitation  is 
used,  it  is  much  less  affected  by  the  presence  of  gallic  acid  or  other 
fixed  acids  than  the  hide-powder  method,  and  is  therefore  well  adapted 
for  the  analysis  of  weak  and  waste  liquors  for  technical  purposes,  for 
the  systematic  testing  of  spent  tans,  and  for  the  analysis  of  sumach 
and  myrabolans  which  contain  much  gallic  acid,  and  which  in  the 
gravimetric  method  is  wholly  or  partially  estimated  as  tanning 
matter." 

The  extraction  of  the  tannic  acid  from  the  raw  material  is  best 
performed  by  making  an  infusion  of  the  ground  substance  first  with 
distilled  water  to  about  500  c.c.  at  a  temperature  not  greater  than 
50°  C.  then  with  water  at  100°  C,  and  percolating  till  free  from 
tannin,  and  diluting  when  cold  to  1  liter.  Portions  are  filtered  if 
necessary.  Concentrated  extracts  are  dissolved  before  titration  by 
adding  them  to  boiling  water,  then  cooling  and  diluting  to  the 
measure.  In  the  case  of  strong  materials  such  as  sumach  or  valonia 
10  gm.,  or  oak  bark  20  gm.,  are  used. 

The  quantity  of  these  extracts  to  be  used  for  titration  must  be 
regulated  to  some  extent  by  the  amount  of  permanganate  required  to 
oxidize  the  tannic  and  gallic  acids  present.  Practice  and  experience 
will  enable  the  operator  to  judge  of  the  proper  proportions  to  use  in 
dealing  with  the  various  materials,  bearing  in  mind  that  volumetric 
processes  are  largely  dependent  upon  identity  of  conditions  for 
securing  concordant  results.  The  recommendation  of  the  best 
authorities  is  that  the  strength  of  the  solution  used  for  titration  is 
that  it  shall  give  a  solid  residue  of  from  0*6  to  0*8  gm.  from  100  c.c. 

The  working  details  according  to  Procter  are  adopted  at  the 
Yorkshire  College  as  follows.     The  solutions  required  are  ; — 

(1)  Pure  potassium  permanganate,  0*5  gm.  per  liter.  As  very 
weak  solutions  do  not  keep  well,  it  is  best  to  make  up  one  of  5  gm. 
per  liter,  and  dilute  when  wanted.  The  exact  strength  of  the 
permanganate  is  not  important  so  long  as  it  is  constant  through 
a  series  of  experiments. 

(2)  Pure  indigo-carmine  5  gm.,  and  concentrated  HgSO^,  50  gm. 
per  liter.  This  must  be  filtered,  and  should  give  a  pure  yellow  free 
from  any  trace  of  brown  where  oxidized  with  permanganate ;  25  c.c. 
of  this  solution* shouLi  equal  about  30  c.c.  of  the  permanganate,  and, 
if  necessary,  must  be  diluted  to  that  strength. 

•  (3)  Solution  of  pure  tannin,  3  gm.  to  1  liter.  Since  absolutely 
pure  tannin  cannot  be  obtained,  the  following  method  is  adopted : — 
A  sample  of  the  purest  obtainable  tannin  (not  less  than  90-95  per 
cent,  pure  by  hide-powder)  is  preserved  air-dry  in  a  well-stoppered 
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bottle,  and  the  moisture  carefully  determined.  The  princii>al  impurity 
is  gallic  acid,  which  acts  on  permanganate  like  tannin,  but  reducea 
somewhat  more,  and  1  jmrt  of  such  tannin,  calculated  to  dry  weight, 
is  equal  on  the  average  to  1*05  parts  of  pure  tannin.  Hence  it  is  easy 
to  calculate  a  quantity  of  the  air-<lry  tannin  equal  in  permanganate 
value  to  0*3  gm.  of  piu-e  tannin,  and  this  is  weighed  out  whea 
required  and  made  up  to  100  c.c.  The  moisture  varies  very  little, 
but  it  is  well  occasionally  to  redetermine  it  and  calculate  afresh. 

Method  of  Pbocbdubb  :  25  c.c.  of  the  indigo  solution  are  mixed  in  a  beaker 
with  about  f  liter  of  olean  tap  water,  and  the  permanganate  added  drop  by  drop 
from  a  glass-tapped  burette  till  a  pure  yellow  is  obtained,  the  liquid  being  stirred 
steadily  the  whole  time.  A  disc  stirrer  or  a  glass  rod  bent  several  times  back 
and  forward,  is  to  be  preferred  to  a  plain  rod ;  or  some  method  of  mechanical 
stirring  may  be  adopted.  The  dropping  should  be  always  as  nearly  as  possible  at 
a  similar  rate  for  each  experiment,  and  should  be  slower  towards  the  end  of  the 
titration.  It  is  convenient  to  keep  a  second  beaker  titrated  to  a  pure  primrose 
yellow  as  a  standard  test.  Titrations  may  be  accurately  performed  by  artificial 
light,  but  usually  differ  slightly  from  those  by  daylight,  and  hence  the  light 
should  not  be  varied  in  the  course  of  an  analysis.  For  daylight  work 
Kathreiner  recommends  the  use  of  a  white  basin  instead  of  a  beaker.  The 
permanganate  solution  is  allowed  to  drop  in,  with  constant  stirring,  till  the  pure 
yellow  liquid  shows  a  faint  pinkish  rim,  most  clearly  seen  on  the  shaded  side. 
This  end-reaction  is  of  extraordinary  delicacy,  and  is  quite  different  to  the  pink 
caused  by  excess  of  pennanganate,  being  an  effect  common  to  all  pure  yellow 
liquids.  The  titration  is  done  at  least  twice,  and  the  avera>;e  taken ;  f  liter  of 
water  and  25  c.c.  of  indigo  are  then  taken  as  before,  and  6  CwC.  of  the  tannin 
solution  are  added  and  similarly  titrated  rei>eatedly.  Deducting  amount  required 
for  the  indigo,  the  remainder  is  that  consumed  by  the  tannin,  which  should  not 
at  most  exceed  two-thirds  of  that  required  by  the  indigo.  A  similar  titration  is 
made  with  the  tannin  infusion  to  be  examined,  of  which  such  a  number  of  cubic 
centimeters  is  employed  as  will  consume  about  the  same  quantity  of  the 
permanganate  as  the  standard  tannin  solution.  The  value  of  the  total  astringent 
IS  then  calculated  in  terms  of  tannin. 

Since  tanning  matters  contain  astringents  which  are  not  taken  up  by  the  hide, 
but  which  are  oxidized  by  permanganate  like  tannins,  it  is  in  most  cases  necessary 
to  remove  the  tannin  from  a  portion  of  the  infusion,  and  to  repeat  the  titration  to 
determine  the  non-tannin. 

This  may  be  done  by  the  hide-powder  method  at  the  same  time  that  the  tannin 
substance  is  determined  gravi metrically,  but  a  much  quicker  and  even  better 
method  is  tliat  of  Hunt.     The  solutions  required  are : — 

(1)  Pure  gelatin,  2  gm.  i>er  100  c.c. 

(2)  Saturated  solution  of  NaCl  containing  50  c.c.  of  concentrated 
H2SO4  per  liter. 

Method  of  Pbocedurb  :  To  50  c.c.  of  the  liquor  (of  about  the  strength  of 
1  to  1*5  )^.  of  tannin  per  100  c.c.)  are  added  25  c.c.  of  the  gelatin  solution  and 
25  c.c.  of  the  salt  solution,  and  about  a  teaspoonful  of  kaolin  or  barium  sulphate, 
and  the  whole  is  well  sliaken  for  five  minutes  and  filtered.  This  filtrate,  which 
should  be  perfectly  bright,  is  titrated  for  non-tannin  by  the  permanganate 
method,  double  the  volume  being  taken  which  was  employed  for  determination 
of  total  astringents,  and  the  result  is  deducted,  before  calculating  the 
tanning  value. 

It  is  impossible  to  give  here  the  opinions  held  by  various  authorities 
on  this  subject,  therefore  the  reader  who  desires  fuller  information 
should  consult  the  various  papers  contributed  to  various  journals,  etc., 
and  more  especially  Procter's  book  before  mentioned. 

z  2 


340 


VOLUMKTMC   ANALYSIS. 


§79. 


The  table  below  by  Hunt  is  appended,  as  the  result  of 
careful  working,  and  as  a  guide  to  the  nature  of  various  tanning 
materials  :— 

The  "total  extract"  in  the  table  was  determined  by  evaporating 
a  portion  of  the  tannin  solution  to  dryness  in  a  small  porcelain  basin 
and  drying  the  residue  at  110°  C.  The  "insoluble  matter"  was  also 
dried  at  110°  C. 

The  hide-powder  process  for  tannin  not  being  a  volumetric  one  is  not 
described  here. 


ii 


Total 

1 

Namk  of  M ATSaiAL. 

matters 

oxidized 

by  Perman- 

nuiate,  as 

Oxalic  Ac. 

percent. 

Tannin,  as 
Oxalic  Ac 
(Procter) 

Tannin,  as 
Oxalic  Ac. 

(Hunt) 

percent. 

Total 
Extract. 

per  cent. 

Insoluble. 

per  cent. 

per  cent. 

English  Oak  Bark 

15-70 

13-54 

11-97 

18*38 

66*15 

Canadian  Hemlock  Bark 

903 

7-46 

708 

13-96 

75*25 

'     TiaFch  Bark 

8-20 

717 

615 

20-64 

60*80 

Mangrove  Bark    

31-35 

29-71 

28-48 

26-60 

4970 

Alder  Bark 

8-27 

6-15 

573 

19-36 

68*00 

Blue  Gum  Bark 

10-18 

8-91 

8*91 

11-76 

74*66 

Valonia 

37*41 

35-24 

30*50 

38-50 

4606 

Myrabolans 

48-23 

38*43 

38(0 

42-80 

Sumach         

42-53 

34-30 

31*46 

44*10 

4777 

Betel  Nut     

15-91 

13-87 

13*79 

17*94 

67*00 

;    Turkish  Blue  Galls     ... 

73-38 

65*83 

59*96 

48*40 

36*35 

Aleppo  Galls        

98-86 

87-82 

8305 

68*80 

14*32 

I    WildGaUs    

26-21 

18*75 

16*56 

31*70 

5417 

Divi-Divl      

66-98 

62-62 

61-22 

54*38 

29*90 

;     Balsamocarpan  (poor  and 

old  sample)       

50-49 

37*76 

32-88 

5714 

28*25 

,    Pomegranate  Rind 

27*58 

24*18 

2312 

41*00 

49-50 

Tormentil  Root    

2227 

20-98 

20-68 

19*70 

67*95 

Rhatany  Root      

22-27 

2015 

19*30 

18-80 

66*00 

Pure  Indian  Tea 

23-06 

18*65 

17*40 

34-46 

53-40 

Pure  China  Tea   

18-03 

14*21 

1409 

24-50 

62*60 

Cutch    

57*65 

51-95 

44-24 

61-60 

4*75 

Gum  Kino    

66-39 

59-55 

51-55 

79-30 

1*00 

Hemlock  Extract 

3516 

3317 

30-98 

48-78 

Oakwood  Extract 

33-49 

26-90 

23-86 

37*78 

Chestnut  Extract 

39-77 

32-63 

28-88 

50-28 

Quebracho  Extract 

48-22 

34-45 

I     40-84 

49-00 

"Pure  Tannin" 

135-76 

122*44 

121*93 

— 

Tan  Liquor,  sp.  gr.  1*030 

4-84 

314 

210 

601 

1 

Spent  Tan  Liquor,  sp. 

1 

gr.  10165 

1-40 

0-37 

025 

Absorbed 

by  Dry 

Pure  Skin. 

310 

i 

1    Gambier,  Cube     

7012 

5107 

74*40 

5*81 

„        Sarawak 

6313 

47*09 

70*70 

3*67 

„        Bale      

5600 

43*70 

63-54 

1-40 

Tanniii  in  Tea. — The  extract  of   this  substance  is  made  upon 
10  gm.  of  the  tea,  by  boiling  it  with  a  liter  of  distilled  water  for  an 
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hour  in  a  flask  fitted  with  reverted  condenser,  filtering  and  diluting 
the  liquid  when  cool  to  a  liter. 

A.  H.  Allen  remarks  that  the  determination  of  tannin  in  tea 
affords  valuable  information  respecting  the  probable  presence  of 
previously  infused  leaves  or  extraneous  tannin  matters,  such  ad 
catechu.  This  is  best  effected  in  the  aqueous  decoction  obtained  by 
exhausting  the  sample  with  boiling  water,  as  required  for  thd 
determination  of  the  extract. 

The  tannin  may  be  estimated  by  the  modification  of  LdwenthaTs 
process,  as  previously  described.  A  volume  of  the  above  decoction* 
corresponding  to  0*04  gm.  of  tea,  may  l>e  taken  for  the  original 
titration  with  permanganate ;  and  of  the  decoction  deprived  of  tannin 
a  volume  corresponding  to  0*080  gm.  of  tea.  The  tannin  of  tea  is 
stated  by  some  chemists  to  be  gallotannic  acid,  and  by  others  to  1)e 
identical  with  that  of  oak  bark.  The  reduction-equivalent  of  the 
latter  is  almost  identical  with  that  of  crystallized  oxalic  acid,  so  that 
the  weight  of  this  substance  corresponding  to  the  volume  of 
I>ermanganate  decolorized  gives  without  calciUation  that  of  the  tannin 
present. 

The  process  of  fermentation  to  which  black  tea  has  been  subjected 
undoubtedly  causes  modification  of  the  tannin,  with  formation  of 
dark-coloured  insoluble  matter.  The  author  found  that  a  decoction  of 
green  tea  precipitated  ferric  cldoride  bluish-black,  like  nut-galls,  while 
that  of  black  tea  gave  a  green  colour  with  iron^  just  as  catechu  does. 

A.  H.  Allen  in  his  Organic  AncUyisiSy  vol.  iii.  part  2,  gives 
a  modification  of  the  lead  method. 

The  Lowenthal  process  distinguishes  the  tannic  acid  from  the 
small  quantity  of  gallic  acid  also  present  in  tea,  but  as  the  astringent 
character  of  the  infusion  is  due  to  both  these  substances,  a  method 
which  will  estimate  the  total  amount  of  astringent  matter,  without 
distinction  of  its  nature,  is  in  some  respects  preferable  to  a  process 
that  gives  merely  the  amount  of  tannin,  while  ignoring  the  gallic  acid. 
Such  a  process  was  devised  by  F.  W.  Fletcher  and  A.  H.  Allen  in 
1874  {C,  N,  xxix.  169,  189),  and  was  based  on  the  precipitation 
of  the  tea  infusion  by  lead  acetate,  and  the  use  of  an  ammoniacal 
solution  of  i>otassium  ferricyanide  to  indicate  the  complete  precipitation 
of  the  astringent  matters. 

Mkthod  of  Pbocrdube  :  5  gm.  of  neutnl  acetate  of  lead  should  be  disflolved 
in  (tistilled  water,  and  diluted  to  I  liter,  and  the  solution  filtered  after  standing. 
The  indicator  is  made  by  dissolving  0*050  gm.  of  pure  potassium  ferricyanide  in 
60  CO.  of  water,  and  adding  an  equal  bulk  of  strong  ammonia  solution.  This 
reagent  gives  a  deep  red  coloration  with  gallotanic  acid,  gallic  acid,  or  an  infusion 
of  tea.  One  drop  of  the  solution  will  detect  0001  milligram  of  tannin.  In 
carrying  out  the  process,  three  separate  quantities  of  10  c.c.  each  of  the  standard 
lead  solution  should  be  placed  m  beakers,  and  each  quantity  diluted  to  about 
100  0.0.  with  boiling  water.  A  decoction  made  from  2  gm.  of  powdered  tea  in 
250  c.c.  of  water  (the  same  as  is  used  for  determining  the  extract)  is  added  from 
a  burette,  the  first  trial  quantity  receiving  an  addition  of  10,  the  second  15,  and 
the  third  18  c.c. ;  or  if  green  tea  be  under  examination,  8, 10,  and  12  c.c.  may  be 
preferably  employed.  1  c.c.  of  these  trial  quantities  are  passed  through  small 
filters,  and  the  filtrates  tested  with  ammoniacal  ferricyanide  solution. 

The  approximate  volume  of  tea  decoction  required  is  thus  easily  found,  and 
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after  repeating  the  test  nearly  the  requisite  measure  can  be  at  once  added.  In 
this  case  about  I  c.c.  of  the  liquid  should  be  removed  with  a  pipette,  passed 
through  a  small  filter,  and  drops  of  the  filtrate  allowed  to  fall  on  to  spots  of  the 
indicating  solution  previously  placed  on  a  porcelain  slab.  If  no  pink  coloration 
is  observed,  another  small  addition  of  the  tea  decoction  is  made,  a  few  drops  of 
the  liquid  filtered  and  tested  as  before,  and  this  process  repeated  until  a  pink 
X5olour  is  observed.  The  greatest  delicacy  is  obtained  when  the  drops  of  filtered 
solution  are  allowed  to  fall  directly  on  to  the  spots  of  the  indicator,  instead  of 
observing  the  point  of  junction  of  the  liquids. 

The  volume  of  tea  solution  it  is  necessary  to  add  to  100  c.c.  of  pure  water, 
in  order  that  a  drop  may  give  a  pink  reaction  with  the  indicator,  should  be 
subtracted  from  the  total  amount  run  from  the  burette. 

The  foregoing  process  is  simple,  and  gives  very  concordant  results ; 
but  the  repeated  filtrations  requisite  for  the  observation  of  the  end- 
reaction  are  apt  to  be  tedious.  It  is  difficult  to  obtain  pure  tannin 
for  setting  the  lead  solution,  and  lience  it  is  preferable  to  abandon 
the  attempt  and  make  pure  lead  acetate  the  starting-point.  The 
author  found  that  10  c.c.  of  the  lead  solution  would  precipitate 
0*010  gm.  of  the  purest  gallotannic  acid  he  could  obtain.  Hence,  if 
all  the  weights  and  measures  above  mentioned  be  adhered  to,  the 
number  of  c.c.  of  tea  decoction  required,  divided  into  125,  will  give 
the  percentage  of  tannin  and  other  precipitable  matters  in  the  sample. 
The  proportion  found  inundried  black  tea  by  F.  W.  Fletcher  and  the 
author  ranged  from  8*5  to  1 1*6  per  cent.,  with  an  average  of  10  per  cent. 

Tannin  in  Wine,  Cider,  etc. — The  method  now  generally  adopted 
for  this  estimation  is  that  of  treating  a  known  volume  of  the  wine,,  etc., 
with  catgut  (violin  strings  which  liave  not  been  oiled,  and  which  have 
been  purified  by  washing  in  dilute  alcohol  aeid  and  water,  until  they 
have  no  reducing  action  on  i)ermanganate  in  the  cold).  The  digestion 
is  carried  on  at  ordinary  temperature  for  a  week,  in  a  closely  stoppered 
bottle.  The  original  substance,  and  that  from  which  the  tannin  has 
been  removed,  are  then  titrated  with  permanganate,  and  the  difference 
calculated  to  tannin. 

Another  method  consists  in  mixing  equal  parts  of  an  eighth  per 
cent,  solution  of  alum  and  the  wine,  collecting  the  precipitate  on 
a  filter,  washing  slightly  with  cold  water,  transferring  the  precipitate 
by  a  stream  of  water  from  a  wash-bottle  to  a  beaker,  then  acidifying 
with  H2S0^  and  titrating  witli  indigo  and  permanganate  as  usual. 

Dreaper'8  Copper  Process  for  Tannin  and  Gallic  Acids.— 

'This  is  described  in  a  paper  contributed  to  J.  C,  JS.  /.  xii.  412,  from 
which  the  following  abstract  is  taken. 

The  methods  hitherto  proposed  for  the  estimation  of  tannin  may  be 
divided  into  two  classes,  viz. : — 

(1)  Those  whicli  act  by  i)recipitating  the  tannic  acid  as  an  insoluble 
compound. 

(2)  Those  which  act  by  oxidation. 

To  the  former  class  belongs  the  well-known  hide-powder  process, 
and  to  the  latter  Lbwenthars  permanganate  method,  which  has  been 
modified  by  Procter  and  others.     These  fairly  represent  the  two 
classes,  and  are  the  only  ones  in  general  use  at  the  present  day. 
«    D reaper,  however,  has  adopted  a  modified   form   of  Dayton's 
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method,  the  novelty  of  which  consists  in  precipitating  the  tannic  acid 
by  means  of  an  ammonio-copper  sulphate  solution,  after  a  preliminary 
treatment  with  sulphuric  acid  to  remove  the  ellagic  acid,  and  then 
a  treatment  witli  ammonia,  filtering  after  each  treatment.  Procter 
states  that  this  preliminary  treatment  is  unnecessary  in  the  case  of 
some  extracts,  but  D reaper  has  never  found  any  precipitation  to 
take  place  in  the  case  of  the  so-called  pure  tannic  acids,  probably  owing 
to  the  removal  of  the  impurities  during  the  process  of  purification. 
Tlie  original  solution  and  the  filtrate  are  titrated  with  permanganate 
^  in  LowenthaTs  method,  the  difterencc  in  the  two  results  being 
due  to  the  tannic  acid  present.  The  copper  compound  may  be  dried 
at  110°  C.  and  weighed,  or  else  ignited  and  weighed  as  copper  oxide. 
Fleck  states  that  the  tannic  acid  can  be  calculated  from  this  by 
multiplying  by  the  factor  1*034. 

The  standard  copper  solution  used  by  the  author  contained  30  gm. 
of  pure  crystallized  copper  sulphate  in  a  liter  of  water.  Barium 
carbonate  is  also  required,  which  should  be  free  from  calcium  salts. 

The  process  is  based  on  the  direct  precipitation  of  the  ^llic  and  tannic  acids 
by  means  of  a  copper  salt,  usin^  as  outside  indicator  potassium  ferrocyanide.  If 
a  standard  solution  of  copper  sulphate  be  run  into  a  solution  of  the  mixed  acids, 
a  certain  amoimt  of  copper  tAonate  and  gallate  will  be  precipitated,  depending 
on  the  dilution  of  the  solution  and  the  amount  of  acid  set  free  from  the  copper 
sulphate.  The  precipitate  is,  under  these  circumstances,  of  a  bulky  nature  and 
ill  adapted  to  any  separation  by  quick  filtration,  so  necessary  in  a  process  of  this 
description.  It  was  found  that  when  a  solution  of  copper  sulphate  was  added  to 
a  solution  of  the  mixed  acids  in  the  presence  of  barium  carbonate,  the  precipita- 
tion proceeds  with  the  utmost  regularity.  The  carbonate  immediately  formfl 
insoluble  sulphate  with  the  free  acid,  and  also  helps  to  consolidate  the  precipitated 
copper  salts,  so  that  towards  the  end  of  the  reaction,  they  fall  rapidly  to  the 
bottom  of  the  vessel,  leaving  the  supernatant  liquid  clear.  This  separation  is  a 
good  indication  that  the  end  of  the  titration  is  near,  and  is  supplemented  by  the 
ferrocyanide  test. 

A  modified  method  of  testing  for  the  excess  of  copper  in  the  solution  is  as 
follows : — Pieces  of  stout  Swedish  filter-paper  one  inch  square  are  folded  across 
the  middle,  and  a  drop  of  the  liquid  to  be  tested  taken  up  on  a  ghiss  rod  and 
gently  dropped  on  to  the  top  surface.  The  liquid  will  percolate  through  to  the 
under  fold,  leaving  the  precipitate  on  the  upper  one.  It  is  then  only  necessary 
to  unfold  the  t*heet  and  apply  a  drop  of  ferrocyanide  to  the  under  surface.  If 
the  reaction  is  complete  a  faint  pink  colouration  will  take  place,  which  is  perhaps 
more  easily  recognized  by  transmitted  light. 

The  results  obtained  by  duplicate  experiments  tend  to  show  that  the  copper 
salts  are  perfectly  constant  in  composition  when  precipitated  in  this  manner,  and 
the  results  equal  in  accuracy  any  obtained  with  other  processes. 

About  1  gm.  of  barium  carbonate  was  added  in  each  case  and  the  solution 
heated  up  to  90**  C.  before  titration.  The  temperature  at  the  end  of  the  titration 
should  not  be  less  than  80*  C. 

The  precipitation  by  copper  is  done  say  on  25  c.o.  of  the  solution  of  the 
sample  and  the  results  notea.  50  c.c.  of  the  same  sample  are  then  mixed  with 
the  usual  proportions  of  gelatine,  salt,  acid,  and  barium  sulphate;  diluted  to 
100  c.c,  then  filtered  through  a  dry  filter  and  50  o.c.  (=25  c.c.  of  the  original 
liquid)  titrated  with  copper  solution  as  before,  the  difference  being  calculated  to 
available  tannin. 

The  ex^riments  show  that  the  separation  of  the  tannic  acid  by  means  of  an 
acid  solution  of  gelatine  and  salt  will  not  affect  the  general  results  obtained, 
and  this  method  for  want  of  a  better  was  used  in  the  experiments,  Procter's 
modification  being  considered  the  most  accurate,  and  therefore  adopted. 
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The  following  table  was  prepared  from  experiments,  showing  the  error 
due  to  the  indicator  in  c.c.  of  standard  solution  added  to  different  quantities 
of  water : — 


c.c.  of  Water. 

c.c.  of  Standard  Solution 
required* 

20 

30 

60 

100 

150 

0-3 
0-4 
0-7 
10 
1-5 

The  above  oorrection  should  be  made  in  all  cases. 

A  sample  of  so-called  pure  tannic  acid  gave  the  following  results 


Weight  taken. 

C.C.  required. 

Om. 
0-5 
0-5 
0-5 

250 
25-2 
25-2 

Slightly  lower  results  were  obtained  when  the  operation  was  conducted  in 
the  cold,  probably  owing  to  the  slower  action  of  the  carbonate  on  the  free 
acid ;  but  the  rate  of  running  in  of  the  solution  had  no  appreciable  effect  on  the 
quantity  required* 

A  sample  of  the  purest  gallic  acid  that  could  be  obtained  gave  the  following 
figures: — 


Weight  taken. 

C.c.  required. 

Om. 

0-5 

0-5 

450 
44*8 

'  Allowing  that  the  acid  was  of  90  per  cent,  purity,  these  results  would  give 
a  value  for  each  c.c.  of  0*0111  gm.  This  figure  must  of  course  only  be 
taken  as  approximate.  It  will  1^  seen  that  more  solution  is  required  to 
predpitate  the  gallic  than  the  tannic  acid.  This  is  also  noticed  in  L  d  wen  thai' s 
method. 

The  chief  advantages  claimed  by  the  author  of  this  method  over 
Lowenthars  are  as  follows : — 

(1)  Both  the  tannic  and  gallic  acids  are  estimated. 

'2)  Rapidity  of  estimation  where  a  simple  assay  is  sufficient. 

(3)  The    results   are    expressed    in    terms   of    the    copper  oxide 
precipitated. 

(4)  The  standard  solution  keeps  well,  and  there  is  no  correction 
necessary  for  indigo  solution  or  gelatine. 

(5)  Larger  quantities  of  the  solution  can  be  titrated,  thus  reducing 
the  working  error. 

It  seems  to  be  possible  to  use  this  method  for  substances  other  than 
tannic  ot  gBAlic  acids,  e.g.y  Fustic. 
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The  following  results  were  obtained  with  a  sample  of  pure  Fustic 
extract  51°  Tw. 

0*5  gm.  taken  required  11*5  c.c.  of  standard  solution. 

0*5  gm.  taken  required  11*6  c.c.  of  standard  solution. 

The  end  of  the  reaction  was  sharp  when  the  titration  was  carried 
on  at  the  boiling-point  and  the  precipitate  settled  well. 

Other  Methods  oi  Estimating  Tannin. 

Direct  Precipitation  by  Gelatine.— The  difficulty  existing  with 
this  metho<l  is  that  of  getting  the  precipitate  to  settle,  so  that  it  may 
be  clearly  seen  when  enough  gelatine  has  been  added. 

Tolerably  good  results  may  sometimes  be  obtained  by  using  a  strong 
solution  of  sal  ammoniac  or  chrome  alum  as  an  ailjunct.  The  best  aid 
is  probably  barium  sulphate,  2  or  3  gm.  of  which  should  be  added  to 
each  portion  of  liquid  used  for  titration. 

Standard  solution  of  gelatine  should  contain  1*33  gm.  of  dry 
gelatine  per  liter,  in  which  is  also  mixed  a  few  drops  of  chloroform 
or  a  small  quantity  of  thymol  to  preserve  it.  45  c.c.  =■  0*05  gm. 
tannin  (Carles).  This  method  is  adapted  only  for  rough  technical 
purposes,  as  also  the  following : — 

Direct  Precipitation  by  Antimony. — This  method  is  still  in 
favour  with  some  operators;  but,  like  the  gelatine  process,  is  beset 
with  the  difficulty  of  getting  the  precipitate  to  settle. 

Standard  antimony  solution  is  made  by  dissolving  2*611  gm.  of 
crystals  of  emetic  tartar  dried  at  100°  C.  in  a  liter.  1  c.c.  =  0*005  gm. 
tannin.  This  liquid  may  also  be  kept  from  decomposition  by  a  feW 
grains  of  thymol.  50  c.c.  of  the  tannin  solution  may  be  taken  for 
titration,  to  which  is  added  1  or  2  gm.  of  sal  ammoniac,  and  the 
antimonial  solution  nin  in  until  no  further  cloudiness  is  produced. 

In  both  the  above  methods  the  final  tests  must  either  be  made  by 
repeatedly  filtering  small  portions  to  ascertain  whether  the  precipitation 
is  complete,  or  by  bringing  drops  of  each  liquid  together  on  black 
glass  or  a  small  mirror. 

TIN. 

Sn  =  118. 

Metallic  iron  x  10536=Tin. 

Double  iron  salt     x  0*1505=  „ 

Factor  for  ''/jq  iodine 

or      permanganate 

solution  0*0059 

§  80.  The  method,  originally  devised  by  Streng,  for  the  direct 
estimation  of  tin  by  potassium  bichromate,  or  other  oxidizing  agents 
in  acid  solution,  has  l>een  found  most  unsatisfactory,  from  the  fact 
that  variable  quantities  of  water  or  acid  seriously  interfere  with  the 
accuracy  of  the  results.  The  cause  is  not  fully  understood,  but  that 
it  is  owing  partly  to  the  oxygen  mechanically  contained  in  the  water 
reacting  on  the  very  sensitive  stannous  chloride  there  can  be  very 
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little  doubt,  as  the  variations  are  considerably  lessened  by  the  use  of 
water  recently  boiled  and  cooled  in  closed  vessels.  These  difficulties 
are  set  aside  by  the  processes  of  Lenssen,  Lowenthal,  Stromeyer, 
and  others,  now  to  be  described,  and  which  are  found  fairly  satisfactory. 

1.    Direct  Titration  by  Iodine  in  Alkaline  Solution 

(Lenssen). 

Metallic  tin  or  its  protosalt,  if  not  already  in  solution,  is  dissolved 
in  hydrochloric  acid,  and  a  tolerable  quantity  of  Rochelle  salt  added, 
together  with  sodium  bicarbonate  in  excess.  If  enough  tartrate  be 
present,  the  solution  will  be  clear;  starch  is  then  added,  and  the 
mixture  titrated  witli  ^/jq  iodine.  Metallic  tin  is  best  dissolved 
in  HCl  by  placing  a  platinum  crucible  or  cover  in  contact  with  it,  so 
as  to  form  a  galvanic  circuit. 

Ben  as  {Chein,  Centr-hlait,  li.  957)  points  out  that  the  chief  error  in 
the  estimation  as  above  arises  from  oxygen  dissolved  in  the  liquid,  or 
absorbed  during  the  operation.  In  order  to  obtain  constant  results,  it 
is  necessary  to  dissolve  the  tin  compoimd  in  HCl,  dilute  with  oxygen- 
free  water,  and  add  at  once  excess  of  standard  iodine,  which  excess  is 
found  by  residual  titration  with  standard  thiosulphate. 

S.  W.  Young  (J.  Am,  C,  S,  xix.  809)  has  called  attention 
to  the  fact  that  the  estimation  of  tin  can  be  carried  out  in  acid 
solution,  though  not  in  the  same  way  as  advocated  by  Benas.  The 
solution  is  best  made  in  dilute  hydrochloric  acid,  and  must  of  course 
be  free  from  other  oxidizing  or  reducing  matters.  To  prevent  the 
action  of  air  the  stannous  compound  must  be  rapidly  prepared  and 
titmted  immediately  with  excess  of  standard  iodine  and  starch.  It  is 
essential  that  the  potassium  iodide  used  in  making  the  iodine  solution 
should  be  free  from  iodate.  The  estimation  of  the  amount  of  iodine 
in  excess  is  best  done  with  dilute  stannous  chloride,  the  strength  of 
which  in  relation  to  the  standard  iodine  must  be  known  either  just 
before  or  after  the  tin  experiment.  The  results  obtained  by  Young 
were  a  little  higher  than  the  theoretical,  which  is  attributed  to  the 
iodine  being  standardized  by  thiosulphate  in  a  neutral,  instead  of  an  acid 
solution,  but  as  mentioned  in  the  beginning  of  this  section  variations 
in  tin  titrations  occur  from  several  causes  difficult  to  understand. 
The  method  possesses  some  advantage  over  the  following,  inasmuch  as 
iodides,  bromides,  and  salts  of  iron  cause  no  difficulty  when  present. 

2.    Indirect  Titration  by  Ferric  Chloride  and 
Permanganate  (Lowenthal,  Stromeyer,  etc.). 

This  method  owes  its  value  to  the  fact,  that  when  stannous  chloride 
is  brought  into  contact  with  ferric  or  cupric  chloride,  it  acts  as 
a  reducing  agent,  in  the  most  exact  manner,  upon  these  compoimds, 
stannic  chloride  being  formed,  together  with  a  proportionate  quantity 
of  ferrous  or  cuprous  salt,  as  the  case  may  be.  If  either  of  the 
latter  be  then  titrated  with  permanganate,  the  original  quantity  of 
tin  may  be  found,  the  reaction  being,  in  the  case  of  iron, — 

SnClg  +  FcaCle  =  SnCl^  +  2FeCl2. 
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56  iron  =  59  tin.  If  decinormal  permangauate,  or  the  factor  necessary 
to  convert  it  to  that  strength,  be  used,  the  calculation  by  means  of 
iron  is  not  necessary. 

Method  of  Procbdubb  :  The  solution  of  stannouB  chloride,  or  other 
protosalt  of  tin  in  HCl,  or  the  granulated  metal,  is  mixed  with  pure  ferric 
chloride,  which,  if  tolerably  concentrated,  dissolves  metallic  tin  r«idily,  and 
without  evolution  of  hydrogen,  then  diluted  with  distilled  water,  and  titrated 
with  permanganate  as  usual.  To  obtain  the  most  exact  results,  it  is  necessary  to 
make  an  experiment  with  the  same  permanganate  upon  a  like  quantity  of  water, 
to  which  ferric  chloride  is  added ;  the  quantity  required  to  produce  the  same 
rose  colour  is  deducted  from  the  total  permanganate,  and  the  remainder 
calculated  as  tin. 

Stannic  salts,  also  tin  compounds  containing  iron,  are  dissolved  in  water, 
'HCl  added,  and  a  plate  of  clean  zinc  introduced  for  ten  or  twelve  hours ;  the  tin 
-so  precipitated  is  carefully  collected  and  washed,  then  dissolved  in  HCl,  and 
titrated  as  above;  or  the  finely  divided  metal  may  at  once  be  mixed  with  an 
excess  of  ferric  chloride,  a  little  HCl  added,  and  when  solution  is  complete, 
titrated  with  permanganate.  4  eq.  of  iron  (=224)  occurring  in  the  form  of 
ferrous  chloride  represents  1  eq.  («118)  of  tin. 

Tin  may  also  be  precipitated  from  slightly  acid  peroxide  solution 
as  sulphide  by  HgS,  the  sulphide  well  washed,  and  mixed  with  ferric 
cliloride,  tlic  mixture  gently  warmed,  the  sulphur  filtered  oflF,  and  the 
filtrate  then  titrated  with  permanganate  as  above.     4  eq.  of  iron  = 

1  eq.  of  tin. 

• 
Tin  Ore. — In  the  case  of  analysis  of  cassiterite,  Arnold  (C,  N, 
xxxvi.  238)  recommends  that  1  gm.  of  the  very  finely  powdered 
mineral  l>e  heated  to  low  reduce  for  two  hours  in  a  porcelain  boat 
in  a  glass  tube  with  a  brisk  current  of  dry  and  pure  hydrogen  gas,  by 
which  means  the  metal  is  reduced  to  the  metallic  state.  It  is  then 
dissolved  in  acid  ferric  chloride,  and  titrated  with  permanganate  or 
bichromate  in  the  usual  way. 

The  Estimation  of  Tin  in  White-metal  Alloys.  Ibbotson 
and  Brearley. — ((7.  N,  Ixxxiv.  167.) — Tin  may  be  readily  estimated 
by  reducing  the  hot  solution  of  the  chloride,  cooling  in  an  atmosphere 
of  CO2,  and  titrating  with  iodine  and  starch.  The  reduction  can  be 
conveniently  efiected  by  means  of  iron,  but  any  excess  a<lded  must 
be  dissolved  completely.  If  antimony  is  present,  it  will  be  pre- 
cipitated as  metal,  and  cannot  be  dissolved  again,  but  as  cold  acid 
solutions  of  stannic  chloride  are  not  reduced  by  antimony,  which 
readily  reduces  them  on  heating,  the  solution  may  be  directly  titrated 
with  iodine  as  usual,  very  good  results  being  obtained.  The  antimony 
may  be  filtered  ofi"  after  tlie  titration  and  estimated,  but  the  results 
obtained  are  rather  low. 

An  improvement  on  the  above  method  consists  in  reducing  the 
stannic  chloride  with  finely-powdered  metallic  antimony.  The 
reduction  of  0'15  gm.  of  tin  is  complete  after  one  minute's 
boiling,  and  the  excess  of  antimony  which  remains  undissolved  acts 
as  a  safeguard  during  the  cooling,  sinc«  it  reduces  any  tin  which  may 
have  become  oxidized  whilst  the  solution  is  still  hot.     Cold  solutions 
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of  stannous  chloride  take  up  oxygen  less  readily.     The  test  analysed 
given  show  that  the  reduction  is  complete. 

The  influence  of  various  substances  likely  to  be  present  in  an 
ordinary  analysis  on  the  above  method  was  examined,  and  it  was 
foimd  that  the  presence  of  iron,  chromium,  nickel,  zinc,  manganese, 
aluminium,  bismuth,  phosphorus,  and  sulphur  is  without  effect  on  the 
results.  The  quantity  of  hydrochloric  acid  present  should  always  be 
about  one-fifth  of  the  total  volume.  If  copper  is  present,  it  will  be 
reduced  to  the  cuprous  state,  but  accurate  results  may  nevertheless  be 
obtained  if  the  iodine  is  added  drop  by  drop  to  the  vigorously  agitated 
solution,  so  as  to  prevent  the  formation  of  a  local  excess  of  iodine. 
It  is  also  advisable  to  have  rather  more  hydrochloric  acid  present,  up 
to  about  one-third  of  the  total  volume.  Cobalt  apparently  gives  very 
slightly  higher  values.  Lead  is  without  influence  if  sufficient  hydro- 
chloric acid  is  present  to  prevent  the  formation  of  lead  iodide.  The 
presence  of  arsenic  completely  vitiates  the  results,  whether  the  tin  is 
reduced  with  iron  or  with  antimony.  Mercury  is  reduced  to  the 
metallic  state,  but  is  not  oxidized  in  cold  solutions.  If  molybdenum 
or  tungsten  is  present,  a  coloured  lower  oxide  is  formed,  but  this  is 
not  appreciably  reoxidized  by  the  iodine,  and  the  starch  blue  can  be 
readily  distinguished. 

TITANIUM. 

Ti  =  484. 

§  81.  H.  L.  Wells  and  W.  L.  Mitchell,  in  a  contribution  to  the 
J.  Am.  C.  S.  1895,  878,  allude  to  a  volumetric  method  of  determining 
titanic  acid  by  Pisani  {Conipt,  Bend,  lix.  289),  which  does  not 
appear  to  have  been  found  satisfactory.  Marignac  (Z.  a.  C, 
vii.  112)  applied  Pisani's  method  in  the  estimation  of  titanic  acid 
in  the  presence  of  niobic  acid,  special  conditions  being  adopted  to 
avoid  the  reduction  of  the  latter. 

The  authors  have  modified  Pisani's  process  as  improved  by 
Marignac,  and  employ  it  for  the  determination  of  iron  together 
with  the  titanic  acid  in  ores.  Sulphuric  acid  solutions  are  used,  and 
the  liquid  is  protected  from  the  air  during  cooling  and  titration  by 
means  of  a  current  of  carbon  dioxide. 

Method  of  Pboceduee  :  5  gm.  of  the  pulverized  ore  are  treated  with  100  c.c. 
of  concentrated  hydrochloric  acid  in  a  covered  beaker,  using  a  gradually  increasing 
heat,  and  adding  more  acid  if  necessary.  When  there  is  no  further  action,  50  c.o. 
of  a  mixture  of  equal  volumes  of  sulphuric  acid  and  water  are  added,  and  the 
liquid  evaporated  until  it  fumes  strongly.  After  cooling,  200  c.c.  of  water  are 
added,  the  whole  heated  until  the  sulphates  dissolve,  and  the  liquid  filtered  into  a 
liter  flask.  If  anything  besides  silicious  matter  is  left  on  the  filter-paper,  it 
should  be  fused  with  potassium  bisulphate,  treated  with  concentrated  sulphuric 
acid,  and  the  sulphates  dissolved  in  hot  water  and  added  to  the  main  solution. 

The  liquid  in  the  flask  is  made  up  to  the  mark  with  water,  and  4  portions  of 
200  c.c.  each  taken,  2  in  Erlenmeyer  flasks  (500  c.c),  and  the  other  2  in 
ordinary  350  c.c.  flasks.    Each  of  these  represents  1  gm.  of  the  ore. 

To  determine  the  iron,  H^S  is  passed  into  the  solutions  in  the  ordinary' 
flasks  to  saturation,  after  which  they  are  boiled  until  all  the  H^S  has  been 
removed,  care  being  taken  to  avoid  any  contact  of  the  solution  with  the  air 
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by  oovering  the  mouths  of  the  flasks  with  crucible  lids.  The  flasks  are  then 
quickly  filled  to  the  neck  with  cold  recently-boiled  water,  rapidly  cooled, 
transferred  to  large  beakers,  and  titrated  with  standard  potassium  permanganate. 

To  the  solutions  in  the  Erlenmeyer  flasks  25  c.o.  of  concentrated  sulphuric 
acid  are  added,  and  3  or  4  rods  of  pure  zinc,  about  60  m.m.  long  and  6  or  7  m.m. 
in  diameter  are  suspended  in  the  liquid  by  means  of  a  platinum  wire  attached  to 
the  loop  of  a  porcelain  crucible  lid,  which  is  inverted  over  the  mouth  of  the  flask. 
The  liquid  is  then  gently  boiled  for  80  or  40  minutes.  Then,  without 
interrupting  the  boiling,  a  rapid  current  of  CO]  is  introduced  under  the  cover. 
The  flask  is  now  rapidly  cooled,  the  zinc  washed  with  a  jet  of  water  and  removed, 
and  the  solution  titrated  with  permanganate,  while  the  current  of  CO]  is  still 
being  passed  in.  The  difTerenoe  between  the  permanganate  used  in  this  case  and 
that  required  for  the  iron  alone,  represents  the  amount  corresponding  to  the 
titanic  acid.  The  factor  for  metallic  iron  divided  by  07  gives  the  factor  for 
titanic  acid  (TiOj). 

The  most  convenient  strength  for  the  permanganate  solution  is  one  of  7*9  gm. 
per  liter,  corresponding  to  about  0*014  gm.  of  metallic  iron. 

In  the  determination  of  iron  by  reduction  with  sulphuretted  hydrogen,  no 
efTect  is  produced  on  cold  permanganate  solution  by  the  precipitated  sulphur 
present,  but  precipitated  sulphides,  such  as  copper  sulphide,  should  be  filtered  ofT 
before  boiling. 

The  results  of  test  analyses  of  recrystallized  potassium  titano* 
fluoride  were  somewhat  low,  but  prolmbly  quite  as  good  or  better 
than  any  gravimetric  method. 

UBANIUM. 

Ur  =  240. 

§  82.  The  estimation  of  uranium  may  be  conducted  with  great 
accuracy  by  permanganate,  in  precisely  the  same  way  as  ferrous  salts 
(^  63).  The  metal  must  be  in  solution  either  as  acetate,  sulphate,  or 
chloride,  but  not  nitrate.  In  the  latter  case  it  is  necessary  to 
evaporate  to  dryness  with  excess  of  sulphuric  or  hydrochloric  acid,  or 
to  precipitate  with  alkali,  wash  and  rodissolve  in  acetic  acid. 

The  reduction  to  the  uranous  state  is  made  with  zinc,  but  as  the 
end  of  reduction  cannot,  like  iron,  be  known  by  the  colour,  it  is 
necessary  to  continue  the  action  for  a  certain  time ;  in  the  case  of 
small  quantities  a  quarter,  larger  half  an  hour,  at  a  temperature  of 
50°  to  60*^  C,  and  in  the  presence  of  excess  of  sulphuric  acid ;  all 
the  zinc  must  be  dissolved  before  titration.  The  solution  is  then 
freely  diluted  with  boiled  water,  sulphuric  acid  added  if  necessary, 
and  then  permanganate  until  the  rose  colour  is  faintly  pennanent. 
The  ending  is  distinct  if  the  solution  be  well  diluted,  and  the  reaction 
is  precisely  the  same  as  in  the  case  of  ferrous  salts ;  namely,  2  eq.  of 
uranium  existing  in  the  uranous  state  require  1  eq.  of  oxygen  to 
convert  them  to  the  uranic  state;  hence  56  Fe=  120  Ur,  con- 
sequently the  strength  of  any  j)ermanganate  solution  in  relation  to 
iron  being  known,  it  is  easy  to  find  the  amount  of  uranium. 

Another  method  of  estimating  uranium  has  been  published 
(B.  Glasmann,  Ber,  1904,  189.) 

The  method  depends  on  the  reaction  of  neutral  solutions  of  uranyl  salts  on  a 
mixture  of  potassium  iodide  and  iodate — 

8U0a(N0,),  +  5KI  +  KIO,  +  3H,0-8UOs(OH)s  +  6KN0j  +  8lj. 
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Any  excess  of  acid  in  the  solution  must  be  neutralized  with  sodium  carbonate, 
which  is  added  till  a  precipitate  begins  to  be  permanent ;  this  precipitate  is  then 
just  redissolved  in  dilute  acid.  Place  the  solution  in  a  300  c.c.  distillation  flask 
provided  with  a  ground  stopper  carrying  a  funnel  with  stopcock,  the  tube  of 
which  reaches  to  the  bottom  of  the  flask.  Insert  the  exit-tube  of  the  flask  into 
the  receiver  containing  potassium  iodide  solution,  add  to  the  uranyl  solution  the 
requisite  amount  of  iodide  and  iodate  mixture,  dilute  to  120  c.c,  close  with  the 
stoppered  funnel,  and  slowly  heat  to  boiling.  When  boiling,  cool  the  receiver 
with  water,  and  lead  a  stream  of  hydrogen  through  the  boiling  li<}uid.  When  the 
liquid  is  reduced  to  60  c.c,  withdraw  the  flask  from  the  receiver,  remove  the 
burner,  wash  the  delivery  tube  into  a  beaker,  rinse  the  contents  of  the  receiver 
into  the  same  beaker,  and  titrate  with  thiosulphate.  With  0*2 — 0*3  gm.  of 
uranyl  compound  the  whole  operation  requires  20  minutes.  The  resmts  are 
accurate,  and  are  not  affected  by  the  presence  of  alkaline-earth  chlorides. 

VANADIUM. 

V  =  51-2. 

§  83.  Vanadium  salts,  or  the  oxides  of  this  element,  may  be  very 
satisfactorily  titrated  by  reduction  with  a  standard  ferrous  solution  ; 
thus — 

2FeO  +  VOg  =  FegOy  +  Y  0^. 

1  gm.  of  Fe  represents  1*630357  gra.  of  vanadic  pentoxide. 

Lindemann  (Z.  a.  C.  xviii.  99)  recommends  the  use  of  a  solution 
of  ferrous  aramonio-sulphate  standardized  by  ^/jq  potassium  bichro- 
mate. 

Of  course  it  is  necessary  that  the  vanadium  compound  should  be 
in  the  highest  state  of  oxidation,  preferably  in  pure  sulphuric  acid 
solution.  The  blue  colour  of  the  tetroxide  in  the  dilute  liquid  has 
no  misleading  effect  in  testing  with  ferridcyanide. 

With  hydrochloric  acid  great  care  must  be  taken  to  insure  absence 
of  free  CI  or  other  impurities.  The  end-point  in  the  case  of  this 
acid  is  different  from  that  with  sulphuric  acid,  owing  to  the  colour  of 
the  ferric  chloride,  the  mixture  becoming  clear  green. 

The  accuracy  of  the  action  is  not  interfered  with  by  ferric  or 
chromic  salts,  alumina,  fixed  alkalies,  or  salts  of  ammonia. 

Vanadic  solutions  being  exceedingly  sensitive  to  the  action  of 
reducing  agents,  great  care  must  be  exercised  to  exclude  dust  or  other 
carbonaceous  matters,  alcohol,  etc. 

The  reduction  of  vanadic  acid  by  bydriodic  or  hydrobromic  acids, 
and  its  titration  in  alkaline  solution  with  iodine  has  been  worked  out 
by  P.  E.  Browning  (J.  Avier,  Scu  1896,  185).  The  solution  con- 
taining the  vanadate  is  boiled  in  an  Erlenmeyer  beaker  with 
potassium  iodide  or  bromide,  in  not  too  large  a  quantity,  and 
a  regulated  amount  of  sulphuric  acid,  until  no  more  iodine  or  bromine 
is  liberated.  After  cooling,  the  residual  liquid  is  nearly  neutralized 
with  aqueous  potash,  a  small  quantity  of  tartaric  acid  is  added,  and 
the  neutralization  completed  with  an  excess  of  potassium  bicarbonate. 
Excess  of  standard  iodine  is  then  added,  and  after  remaining  for  half 
an  hour  in  a  well-closed  bottle,  the  free  iodine  left  is  estimated  by 
means  of  a  solution  of  arsenious  oxide  in  tbe  usual  way. 

One  mol.  of  iodine  represents  1  mol.  of  vanadic  acid. 


S  84.  ZINC.  351 

ZINC* 

Zn  =  65. 

1  c.c.  ''/lo  solution  =  000325  gm.  Zinc. 
Metallic  iron  x  0*5809     =    Zinc. 

„  X  0*724       =    Zinc  oxide. 

Double  iron  salt       x  0*08298   =    Zinc. 
„  „  X  0*1034     =    Zinc  oxide. 

1.    Indirect  Method  (Mann). 

§  84.  This  process  gives  exceedingly  good  results,  and  consists  in 
precipitating  the  zinc  as  hydrated  sulphide,  decomp>osing  the  sulpliide 
with  moist  silver  chloride,  then  estimating  the  zinc  cliloride  so 
fonned  by  Vol  hard's  method  (§  43). 

The  requisite  materials  are — 

Silver  chloride. — Well  washed  and  preserved  from  the  light  under 
water. 

Standard  silver  nitrate. — 33*18  gm.  of  pure  silver  dissolved  in 
nitric  acid  and  made  up  to  1  liter,  or  52*3  gm.  silver  nitrate  per 
liter.  If  made  direct  from  silver,  tlie  solution  must  be  well  boiled 
to  dissipate  nitrous  acid.     1  c.c.  =  0*01  gm.  of  zinc. 

Ammonium  thiocyanate. — Of  such  strength  that  exactly  3  c.c. 
suffice  to  precipitate  1  c.c.  of  the  silver  solution. 

Ferric  indicator  and  pure  nitric  acid  (se^  §  43.3  and  4). 

Method  of  Pbocedube  :  0*5  to  1  gm.  of  the  zinc  ore  is  dissolved  in  nitrio 
acid.  Heavy  metals  are  removed  by  H^S,  iron  and  alumina  by  double  precipita- 
tion with  ammonia.  The  united  filtrates  are  acidified  with  acetic  acid,  and  U^S 
passed  into  the  liquid  until  all  zinc  is  precipitated  as  sulphide.  Excess  of  HjS 
is  removed  by  rapid  boiling,  so  that  a  drop  or  two  of  the  filtered  liquid  gives  no 
further  stain  on  lead  paper.  The  precipitate  is  then  allowed  to  settle,  decanted 
while  hot,  the  precipitate  brought  on  a  filter  with  a  little  hot  water,  and  without 
further  washing,  the  filter  with  itn  contents  is  transferred  to  a  small  beaker, 
80-50  c.c.  of  hot  water  added,  well  stirred,  and  so  much  moist  silver  chloride 
added  as  is  jud^^ed  necessary  to  decompose  the  sulphide,  leaving  an  excess  of 
silver.  The  mixture  is  now  boiled  till  it  shows  signs  of  settling  clear ;  6  or  6 
drops  of  dilute  sulphuric  acid  (1:5)  are  added  to  the  hot  mixture,  and  in  a  few 
minutes  the  whole  of  the  zinc  sulphide  will  be  converted  into  zinc  chloride.  The 
free  sulphur  and  excess  of  silver  chloride  are  now  filtered  off,  washed,  and  the 
chloride  in  the  mixed  filtrate  and  washings  estimated  as  follows : — 

To  the  cool  liquid,  measuring  200  or  300  c.c,  are  added  5  c.c.  of  ferric 
indicator,  and  so  much  pure  nitric  acid  as  is  necessary  to  remove  the  yellow 
colour  of  the  iron.  A  measured  exc38s  of  the  standard  silver  solution  is  then 
delivered  in  with  the  pipette,  and  without  filtering  off  the  silver  chloride,  or 
much  agitation,  so  as  to  clot  the  precipitate,  the  thiocyanate  is  cautiously 
added,  with  a  gentle  movement  after  each  addition,  until  a  permanent  light 
brown  colour  appears. 

The  volume  of  silver  solution  represented  by  the  thiocyanate  being 
deducted  from  tliat  originally  used,  will  give  the  volume  to  be 
calculated  to  zinc,  each  c.c.  being  equal  to  0*01  gm.  Zn. 

2.     Precipitation  as  Sulphide  and  subsequent  titration  with 
Ferric  Salts  and  Permanganate  (Sohwarz). 

The  principle  of  this  method  is  based  on  the  fact,  that  when  zinc 
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sulphide  is  mixed  with  ferric  chloride  and  liydrochloric  acid,  or  better 
still,  with  ferric  sulphate  and  sulphuric  acid,  ferrous  or  zinc  chloride, 
or  sulphates  respectively,  and  free  sulphur  are  produced.  If  the 
ferrous  salt  so  produced  is  estimated  with  permanganate  or  bichromate, 
the  proportional  quantity  of  zinc  present  is  ascertained.  2  eq.  Fe 
represent  1  eq.  Zn. 

Preparation  of  the  Ammoniacal  Zinc  Solution.— In  the  ca^e  of 
rich  ores  1  gm.,  and  poorer  qualities  2  gm.,  of  the  finely  poi/vdered  material  are 
placed  into  a  small  wide-mouthed  flask,  and  treated  with  HCl,  to  which  a  little 
nitric  acid  is  added,  the  mixture  is  warmed  to  promote  solution,  and  when  this 
has  occurred  the  excess  of  acid  is  evaporated  by  continued  heat.  If  lead  is  present, 
a  few  drops  of  concentrated  sulphuric  acid  are  added  previous  to  complete  dryness, 
in  order  to  render  the  lead  insoluble;  the  residue  is  then  extracted  with  water  and 
filtered.  Should  metals  of  the  fifth  or  sixth  group  be  present,  they  must  be 
removed  by  HjS  previous  to  the  following  treatment.  The  solution  will  contain 
iron,  and  in  some  cases  manganese.  If  the  iron  is  not  already  fully  oxidised,  the 
solution  must  be  boiled  with  nitric  acid ;  if  only  traces  of  manganese  are  |)reBent, 
a  few  drops  of  bromized  HCl  should  be  added.  "When  cold,  the  solution  ma^  be 
further  diluted  if  necesgary,  and  then  super-saturated  with  ammonia  to  precipitate 
the  iron ;  if  the  proportion  of  this  metal  is  small,  it  will  suffice  to  filter  off  and 
wash  the  oxide  with  ammoniacal  warm  water,  till  the  washings  give  no  precipitate 
of  zi^nc  on  adding  ammonium  sulphide.  Owing  to  the  fact  that  this  iron 
precipitate  tenaciously  holds  about  a  fifth  of  its  weight  of  zinc,  it  will  be 
necessary  when  the  proportion  is  large  to  redissolve  the  partly  washed  precipitate 
in  HCl,  and  reprecipitate  (best  as  basic  acetate) ;  the  filtrate  from  this  second 
precipitate  is  added  to  the  original  zinc  filtrate,  and  the  whole  made  up 
to  a  liter. 

Method  of  Pbocedubk  :  The  ammoniacal  zinc  solution  (prepared  as  described 
above)  is  heated,  and  the  zinc  precipitated  in  a  tall  beaker,  with  a  slight  excess  of 
Kodium  or  ammonium  sulphide,  then  covered  closely  with*  a  glass  plate,  and  set 
aside  in  a  warm  place  for  a  few  hours.  The  clear  liquid  is  removed  by  a  syphon, 
and  hot  water  containing  some  ammonia  again  poured  over  the  precipitate, 
allowed  to  settle,  and  again  removed,  and  the  washing  by  decantation  repeated 
three  or  four  times ;  finally,  the  precipitate  is  brought  upon  a  tolerably  large  and 
porous  filter,  and  well  washed  with  warm  water  containing  ammonia,  till  the 
washings  no  longer  discolour  an  alkaline  lead  solution.  The  filter  pump  may  be 
used  here  with  great  advantage. 

The  filter  with  its  contents  is  then  pushed  through  the  funnel  into  a  large 
flask  containing  a  sufficient  quantity  of  ferric  sulphate  mixed  with  sulphuric 
acid,  immediately  well  stopped  or  corked,  gently  shaken,  and  put  into  a  warm 
place  ;  after  some  time  it  should  be  again  well  shaken,  and  set  aside  quietly 
for  about  ten  minutes.  After  the  action  is  all  over  the  mixtiu-e  should  possess  a 
yellow  colour  from  the  presence  of  undeconiposed  ferric  salt ;  when  the  cork  or 
stopper  is  lifted  there  should  be  no  odour  of  H2S.  The  flask  is  then  nearly  filled 
with  cold  distilled  water,  if  necessary  some  dilute  sulphuric  acid  added,  and  the 
contents  of  the  flask  titrated  with  permanganate  or  bichromate  as  usual. 

The  free  sulphur  and  filter  will  have  no  reducing  eflfect  upon  the 
permanganate  if  the  solution  he  cool  and  very  dilute. 

3.:  Frccipitation  by  Standaid  Sodium  Sulphide, -with  Alkaline 
Lead  Solution  as  Indicator  (applicable  to  most  Zino 
Ores  and  Products). 

The  ammoniacal  solution  of  zinc  is  prepared  just  as  previously 
described  in  Schwarz's  method. 

Standaid  sodium  sulphide. — A  poition  of  caustic  tcda  solution  is 
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saturated  with  HgS,  sufficient  soda  added  to  remove  the  odour  of  the 
free  gas,  and  the  whole  diluted  to  a  convenient  strength  for  titrating. 

Standard  zinc  solution. — 44*12  gm.  of  pure  zinc  sulphate  are 
dissolved  to  the  liter.  1  c.c.  will  then  contain  0*01  gm,  of  metallic 
zinc,  and  upon  this  solution,  or  one  prepared  from  pure  metallic  zinc 
of  the  same  strength,  the  sulphide  solution  must  be  titrated. 

Alkaline  lead  indicator. — Is  made  by  heating  together  lead  acetate, 
tartaric  acid,  and  caustic  soda  solution  in  excess,  until  a  clear  solution 
is  produced.  It  is  preferable  to  mix  the  tartaric  acid  and  soda 
solution  first,  so  as  to  produce  sodium  tartrate ;  or  if  the  latter  salt  is 
at  hand,  it  may  be  used  instead  of  tartaric  acid.  Some  operators  use 
sodium  nitroprusside  instead  of  lead. 

Method  of  Procedure  :  50  c.c.  of  zinc  solution  (sO'6  gm.  Zn)  are  put  into 
a  beaker,  a  mixture  of  solutions  of  ammonia  and  ammonium  carbonate  (8  of  the 
former  to  about  1  of  the  latter)  added  in  sufficient  quantity  to  redissolve  the 
precipitate  which  first  forms.  A  few  drops  of  the  lend  solution  are  then,  by 
means  of  a  glass  rod,  placed  at  some  distance  from  each  other,  on  filtering  paper, 
laid  upon  a  slab  or  plate. 

The  solution  of  sodium  sulphide  contained  in  an  ordinary  Mohr's  burette  is 
then  suffered  to  flow  into  the  zinc  solution  until,  on  bringing  a  drop  from  the 
mixture  and  placing  it  upon  the  filtering  paper,  so  that  it  may  expand  and  run 
into  the  drop  of  lead  solution,  a  black  line  occurs  at  the  point  of  contact ;  the 
reaction  is  very  delicate.  At  firvt  it  will  be  difficult,  probably,  to  hit  the  exact 
point,  but  a  second  trial  with  25  or  50  c.c.  of  zinc  solution  will  enable  the 
operator  to  be  certain  of  the  corresponding  strength  of  the  sulphide  solution. 
As  this  latter  is  always  undergoing  a  slight  change,  it  is  necessary  to  titrate 
occasionally. 

Direct  titration  with  pure  zinc  solution  gave  09*6  and  100*2,  instead  of  100. 

Groll  recommends  the  use  of  nickel  protochloride  as  indicator, 
instead  of  sodium  nitroprusside  or  lead.  The  drops  are  allowed  to 
flow  together  on  a  jwrcelain  plate ;  while  the  point  of  contact  shows 
a  blue  or  green  colour  the  zinc  is  not  all  precipitated  by  the  sulphide, 
therefore  the  latter  must  bo  added  until  a  greyish  black  colour  appears 
at  contact. 

4.    Preoipitation  as  Sulphide  with  Ferric  Indicator 

(SchafTner), 

Schaffner's  modification  of  this  process,  and  which  is  used 
constantly  at  the  laboratory  of  the  Vieille  Montague  and  the 
Khenish  Zinc  Works,  is  conducted  as  follows : — For  ores  containing 
over  35  per  cent,  zinc,  0*5  gm.  is  taken ;  for  poorer  ones,  1  gm.  to 
2  gm.  Silicates,  carbonates,  or  oxides  are  treated  with  hydrochloric 
acid,  adding  a  small  proportion  of  nitric  acid  at  boiling  heat  to 
peroxidize  the  iron.  Sulphur  ores  are  treated  with  aqtta  regia^ 
evaporated  to  dryness,  and  the  zinc  afterwards  extracted  by  hydro- 
chloric acid;  the  final  ammoniacal  solution  is  then  prepared  as 
described  on  page  352. 

Method  of  Pbocedubb  :  The  titration  is  made  with  a  solution  of  sodium 
sulphide,  1  c.c.  of  which  should  equal  about  0*01  gm.  Zn.  The  Yieille  Montagne 
laboratory  uses  ferric  chloride  as  an  indicator,  according  to  Schaffner's  method. 
Por  this  purpose  a  single  drop  or  some  few  drops  of  this  chloride  are  let  fall  into 
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the  ammoniacal  solution  of  zinc.  The  iron  which  has  been  added  is  at  onoe 
converted  into  red  flakes  of  hydrated  ferric  oxide,  which  float  at  the  bottom  of 
the  flask.  If  sodium  sulphide  be  dropped  from  a  burette  into  the  solution  of 
zinc,  a  white  precipitate  of  zinc  sulphide  is  at  once  thrown  down,  and  the  change 
in  the  colour  of  the  flakes  of  iron  from  red  to  black  shows  the  moment  when  all 
the  zinc  is  sulphuretted,  and  the  titration  is  ended.  It  is  advisable  to  keep  the 
solution  for  titration  at  from  40''  to  60°  C.  Titration  carried  out  under  exactly 
equal  conditions,  with  a  known  and  carefully  weighed  proportion  of  zinc,  gives 
comparative  data  for  calculation,  and  thus  for  the  determination  of  the  contents 
of  any  zinc  solution  by  means  of  a  simple  equation.  If,  for  example,  30*45  c.c. 
of  sulphide  have  been  used  to  precipitate  0*25  gm.  of  zinc,  1  c.c.  of  it  will 
precipitate  8-21  m.gm.  of  zinc  (30*45  :  0-25  =  1  :  x,  and  therefore  « =0*00821). 

The  following  method  is  adopted  in  the  laboratory'  of  a  well-known 
copper  works  in  Wales  : — 

Beduce  the  sample  to  fine  powder,  and  dry  at  a  temperature  of  about  105*^  C. 
Dissolve  0*5  gm.  of  the  sample  thus  prepared  in  aqua  regia^  evaporate  nearly  to 
dryness,  take  up  with  hot  water,  add  20  c.c.  of  ammonia  and  10  c.c.  of  a  solution 
of  ammonium  carbonate  (1  to  10),  then  a  few  drops  of  solution  of  permanganate 
to  precipitate  lead  and  manganese.  Now  heat  nearly  to  boiling-point  and  filter 
into  a  larger  flask,  wash  the  precipitate  well  with  hot  water  containing  ammonia 
until  a  drop  of  the  washings  shows  no  reaction  with  sodium  sulphide.  The 
volume  of  the  filtrate  and  washings  should  be  about  250  c.c,  and  the  temx>erature 
about  60°  C.  Now  titrate  with  a  standard  solution  of  sulphide.  The  most 
convenient  strength  is  70  c.c. =0*5  gm.  of  pure  zinc,  heat  the  sample  liquid 
almost  to  boiling-point,  and  add  not  quite  enough  sulphide  solution  to  precipitate 
the  whole  of  the  zinc.  Now  take  a  drop  of  a  dilute  solution  of  ferric  chloride,  and 
let  it  fall  into  a  small  beaker  containing  a  few  drops  of  dilute  ammonia,  wash  the 
whole  contents  of  the  beaker  into  the  assay,  and  continue  titrating  slowly  and 
cautiously,  at  last  adding  the  sulphide  solution  by  0*1  c.c.  at  a  time,  whUe 
continually  agitating  the  flask  until  the  ferric  oxide  at  the  bottom  of  the  flask 
begins  to  turn  black  when  the  assay  is  finished. 

The  number  of  c.c.  of  sulphide  solution  used  is  noted.  In  order  to  determine 
the  strength  of  the  sulphide  solution,  weigh  0*5  gm.  pure  zinc,  place  this  in  a 
fliisk,  dissolve  in  10  c.c.  of  H.C1,  and  add  some  hot  water,  20  c.c.  of  ammonia,  and 
10  c.c.  of  ammonium  carbonate  as  above,  and  fill  up  ^vith  hot  water  to  about 
250  c.c.  Then  titrate  with  the  sulphide  solution  as  described.  From  the 
number  of  c.c.  used  for  the  0*5  gm.  pure  zinc  (standard),  and  the  number  used 
for  the  sample,  the  zinc  contents  of  the  latter  can  be  easily  calculated. 

The  copj«r  present  in  blendes  and  calamines  does  not  usually  exceed  0*6  per 
cent  It  may  be  estimated  colorimetrically,  and  the  amount  deducted  from  the 
total  produced. 

If  any  considerable  amount -of  copper  or  other  impurities  be  present,  they 
must  be  separated  by  the  ordinary  well-known  methods.  In  order  to  obtain 
greater  accuracy  a  correction  is  made  by  measuring  the  volume  of  the  liquid 
after  the  assay  is  finished,  and  deducting  0*6  c.c.  from  the  sulphide  solution  used 
for  every  100  c.c.  of  the  volume  of  the  assay :  this  correction  is  equally  applied 
to  the  standard.  Experiments  have  shown  that  oxide  of  iron  prepared  as 
described  above  placed  in  100  c.c.  of  distilled  water  containing  ammonia,  requires 
06  c.c.  of  a  sulphide  solution  of  the  above  strength  to  turn  distinctly  black. 

The  essential  point  in  this  volumetric  process  practised  at  the 
Vieille  Montague  is  the  perfect  uniformity  of  working  adopted  in  the 
assays  with  reference  to  the  volume  of  the  solutions  and  reagents 
used  and  the  colour  of  the  indicator.  In  titrating,  the  same 
quantities  of  ferric  chloride,  hydrochloric  acid,  and  ammonia  are 
steadily  used.  Work  is  done  always  at  one  temj)erature  and  in  the 
same  time,  particularly  at  the  end  of  the  o|)eration,  when  the  iron 
logins  to  take  on  that  characteristic  colour  which  the  flakes  take  at 
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the  edges — points  which  should  not  be  overlooked.  As  a  further 
precaution,  the  titrating  apparatus  is  provided  in  (hiplicate,  two  assays 
being  always  made.  It  permits  the  execution  of  several  titrations 
without  the  necessity  of  a  too  frequent  renewal  of  sodium  sulphide, 
which  is  stored  in  a  yellow  flask  of  large  capacity  supplying  two 
Mohr's  burettes,  imder  which  the  beakers  can  be  placed  and  warmed. 
A  mirror  shows  by  reflection  the  iron  flakes  which  settle  down  after 
shaking  the  liquid. 

Too  much  stress  cannot  be  laid  u}X)n  the  necessity  of  standardizing 
the  sodium  sulphide  under  the  same  conditions  as  to  volume  of  fluid, 
proportions  of  NH3  and  HCl,  and  colour  of  the  indicator,  as  will 
actually  occur  in  the  analysis. 

The  chief  difficulty  in  this  sulphide  process  is  the  end-point. 
E.  G.  Ballard  has  recommended  a  good  plan  for  ascertaining  this 
(/.  *S'.  C  /.  xvi.  399),  the  following  being  his  own  words : — 

"  I  have  found  the  following  method  very  delicate  and  rapid  in  determining 
the  end  of  the  titration,  and  it  is  based  upon  the  fact  that  the  suspended  sulphide 
of  zinc  has  no  action  on  metallic  silver,  whereas  the  smallest  excess  of  sulphide  in 
the  solution  will  produce  a  stain  upon  a  bright  silver  surface.  A  small  brijyfht 
plate  of  silver  is  procured,  and  at  intervals  during  the  titration  a  drop  of  the 
zinc  solution  containing  suspended  ZnS  is  taken  out  on  a  ^lass  rod  and  placed 
upon  the  silver  plate  and  allowed  to  remain  there  for  10  to  20  seconds.  No 
blackening  of  the  silver  surface  occurs  until  there  is  an  excess  of  sulphide 
present,  when  the  stain  upon  the  silver  plate  is  evident  at  once,  and  the  titration 
may  be  considered  finished. 

The  number  of  drops  of  the  standard  solution  of  sulphide  required  to  produce 
the  stain  in  the  time  mentioned,  may  be  ascertained  in  a  quantity  of  water  equal 
in  bulk  to  that  of  the  zinc  solution  operated  upon,  and  afterwarcU  deducted  from 
the  total  used  in  calculating  the  result.  One  part  of  Na^  in  20,000  of  water 
will  produce  a  stain. 

Another  way  to  use  the  silver-plate  indicator  is  to  run  in  the  sulphide  to  small 
excess,  and  then  titrate  back  with  a  solution  of  zinc  of  known  strei^h,  watching 
the  disappearance  of  the  stain  on  the  silver  plate  in  this  instance.  Time  is  thus 
gained  when  testing  a  substance  containing  an  unknown  quantity  of  zinc  for  the 
first  time,  but  in  cases  where  the  amount  is  approximately  known,  the  former 
method  suffices,  the  ^^'eater  part  of  the  sulphide  being  run  in  at  once,  and  the 
silver-plate  indicator  applied  during  the  addition  of  the  last  portions  only. 

Precaution  :  Although  it  has  been  stated  that  the  precipitated  sulphide  of 
zinc  has  no  action  upon  the  silver  plate,  yet  in  the  presence  of  a  large  excess  of 
ammonia  in  the  cold  there  is  a  slight  action;  therefore  it  is  desirable  to 
observe  the  precaution  to  avoid,  as  far  as  possible,  adding  more  ammonia  than  is 
required  to  redissolve  the  precipitate  first  formed  in  rendering  the  solution  of 
zinc  under  examination  alkaline.  However,  if  the  temperature  of  the  solution 
of  zinc  be  raised  to  about  180^  P.,  a  much  larger  excess  of  ammonia  may  be 
added  without  interfering  with  the  accuracy  of  the  test  or  the  final  estimation  of 
the  zinc.    Under  any  circumstances  I  prefer  titrating  the  solution  of  zinc  hot. 

The  first  appearance  of  the  stain  on  the  silver  plate  can  be  more  easily 
distinguished  in  a  diffused  light,  such  as  that  reflected  from  a  sheet  of  white 
paper,  or  a  white  card,  and  more  especially  if  the  drop  be  removed  at  the  end  of 
10  or  20  seconds  by  means  of  a  small  blotting  pad  or  piece  of  folded  filter-paper. 

A  porcelain  dish  is  the  most  convenient  vessel  in  which  to  perform  the 
titration.  Another  point  to  ensure  accuracy  is  to  be  careful  that  the  silver  plate 
is  clean  and  free  from  grease.  A  little  chalk  and  ammonia  is  useful  for  this 
purpose." 

A  method  of  estimating  zinc  by  the  following  means  has  been 
adopted  by  J.  E.  Clennell  (C,  N.  Ixxxvii.  121)  usefiU  for  ores  and 
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the  solutions  used  in  gold  extraction  without  the  use  of  an  external 
indicator,  as  is  the  case  with  the  usual  sulphide  and  ferrocyanide 
process. 

The  zinc  is  precipitated  by  means  of  a  solution  of  sodium  sulphide  of  known 
strength,  added  in  slight  excess,  the  excess  of  sulphide  being  then  determined  by 
making  use  of  the  reaction — 

NajS  +  2K  AgCjs = AgjS  +  2NaCy  +  2KCy . 

The  solutions  required  are — 

Sodium  Sulphide. — A  convenient  strength  being  about  0*2  per  cent.  Na^S. 

Silver  Double  Cyanide. — Prepared  by  adding  silver  nitrate  to  a  solution  of 
potassium  cyanide  (say,  2  or  3  per  cent.  KCy)  till  a  slight  permanent  precipitate 
of  AgCy  is  produced,  allowing  to  stand,  and  filtering. 

Silver  Nitrate. — Any  dilute  solution  of  known  strength.  A  convenient 
standard  is  one  containing  5*215  gm.  AgNOs  per  liter,  1  c.c.  being  equivalent  to 
0*001  gm.  zinc. 

Potassium  Iodide. — 1  per  cent,  solution. 

It  is  perhaps  advisable  also  to  have  a  standard  zinc  solution  prepared  from  pure 
metallic;  zinc  or  pure  zinc  sulphate,  and  containing  0*5  or  1  per  cent.  Zn. 

Method  of  Pbocedube  :  The  zinc  in  ores  or  similar  substances  is  brought 
into  solution  in  the  ordinary  w^y,  and  the  liquid  made  strongly  alkaline  with 
caustic  soda  or  ammonia,  boiled,  diluted,  and  filtered  if  necessary.  In  cyanide 
solutions,  the  sulphide  may  in  general  be  applied  direct ;  in  some  cases,  however, 
it  may  be  necessary  to  remove  the  cyanogen  by  a  preliminary  operation. 

The  liquid  to  be  examined  is  mixed  with  a  measured  volume  of  sodium 
sulphide,  slightly  in  excess  of  that  required  to  precipitate  the  whole  of  the  zinc. 
The  liquid  is  well  shaken  in  a  stoppered  flask ;  a  little  hme  may  be  added  to 
promote  settlement.  The  whole,  or  an  aliquot  part,  is  then  filtered,  and  an 
excess  of  the  double  silver  cyanide  added.  The  precipitate  of  AgjS  generally 
settles  rapidly,  and  is  easily  filtered  and  washed  (occasionally  it  may  be  neoessaiy 
to  add  a  little  more  lime).  About  5  c.c.  of  the  1  per  cent.  KI  solution  are  added 
to  the  filtrate,  and  the  liquid  titrated  with  AgNOs  till  a  slight  3'ellowish  turbidity 
remains  permanent. 

1  gm.  KCy =0*3  gm.  Na2S  =  0*26  gm.  Zn. 

A  table  is  given  which  illustrates  the  results  of  titrations  made  by  this  method 
vrith  solutions  containing  known  quantities  of  zinc. 

In  three  trials  made  with  zinc  double  cyanide,  a  separate  portion  of  the 
original  liquid  was  tested  in  the  ordinary  way  for  "total  cyanide,"  *.«.,  by 
titration  vrith  silver  nitrate,  using  alkaline  iodide  indicator,  and  the  cyanide  so 
found  deducted  from  the  amount  shown  by  titration  after  adding  sodium 
sulphide  and  the  double  silver  salt.  In  another  test,  however,  the  c^Tinide  was 
precipitated  before  making  the  estimation  of  zinc,  by  adding  excess  of  AgNOg, 
and  then  a  few  drops  of  HCl  to  remove  excess  of  AgNOs,  boiling  and  filtering ; 
making  strongly  alkaline  with  NaOH  before  adding  Na^S. 

In  presence  of  ferrocy^anide  and  thiocyanate,  it  appears  to  be  necessary  to  make 
the  solution  strongly  alkaline  to  ensure  complete  precipitation  of  the  zinc 
sulphide. 

6.    Estimation  as  Ferrocyanide. 

In  Acetic  Acid  Solution  (Galetti). — When  ores  containing  zinc 
and  iron  are  dissolved  in  acid,  and  the  iron  precipitated  with  ammonia, 
the  ferric  oxide  invariably  carries  down  with  it  a  portion  of  zinc,  and 
it  is  only  by  repeated  precipitation  that  the  complete  separation  can 
be  made.  In  this  process  the  zinc  is  converted  into  soluble  acetate, 
and  titrated  by  a  standard  solution  of  potassium  ferrocyanide  in  the 
]>resence  of  insoluble  ferric  acetate. 
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The  staiidanl  solution  of  potassium  ferrocyanide,  as  used  by 
Galetti,  contains  41*250  gm.  per  liter.  1  c.c.=0*01  gm.  Zn,  but  its 
actual  working  power  must  be  fixed  by  experiment. 

Standard  zinc  solution,  10  gm.  of  pure  metallic  zinc  per  liter 
dissolved  in  hydrochloric  acid. 

The  process  is  available  in  the  presence  of  moderate  quantities  of 
iron  and  lead,  but  copper,  manganese,  nickel,  and  cobalt  must  be 
absent. 

The  adjustment  of  the  ferrocyanide  solution  (which  should  be 
freshly  prepared  at  short  intervals)  must  be  made  in  precisely  the 
same  way,  and  with  the  same  volume  of  liquid  as  the  actual  analysis 
of  ores,  and  is  best  done  as  follows  : — 

25  c.c.  of  zinc  solution  are  measured  into  a  beaker,  15  c.c.  of  liquid  ammonia 
of  sp.  gr.  0*900  added  to  render  the  solution  alkaline,  then  very  cautiously 
acidified  with  acetic  acid,  and  50  c.c.  of  acid  ammonium  acetate  (made  by  adding 
together  20  c.c.  of  ammonia  of  sp.  gr.  0*900,  15  c.c.  of  concentrated  acetic  acid 
and  65  c.c.  of  distilled  water),  which  is  poured  into  the  mixture,  then  diluted  to 
250  c.c,  and  warmed  to  about  50^  C.  The  titration  is  then  made  with  the 
ferrocyanide  solution  by  adding  it  from  a  burette  until  the  whole  of  the  zinc  is 
precipitated.  Galetti  judges  the  ending  of  the  process  from  the  first  change  of 
colour  from  white  to  ash  grey,  which  occurs  when  the  ferrocyanide  is  in  excess  ; 
but  it  is  best  to  ascertain  the  ending  by  taking  drops  from  the  solution,  and 
bringing  them  in  contact  with  solution  of  uranium  acetate  on  a  white  plate  until 
a  faint  brown  colour  appears.  The  ferrocyanide  solution  should  be  of  such 
strength  that  measure  for  measure  it  agrees  with  the  standard  zinc  solution. 

In  examining  ores  of  zinc,  such  as  calamine  and  blende,  Galetti  takes 0*5  gm. 
for  the  analysis,  and  makes  the  solution  up  to  500  c.c.  Calamine  is  at  once 
treated  with  HCl  in  sufiicient  quantity  to  bring  it  into  solution.  Blende  is 
treated  with  ctqua  regia^  and  evaporated  with  excess  of  HCl  to  remove  nitric 
acid.  The  solutions  of  zinc  so  obtained  invariably  contain  iron,  which  together 
with  the  zinc  is  kept  in  solution  by  the  HCl,  but  to  insure  the  peroxidation  of 
the  iron,  it  is  always  advisable  to  add  a  little  potassium  chlorate  at  a  boiling  heat 
during  the  extraction  of  the  ore.  The  hydrochloric  solution  is  then  diluted  to 
about  100  c.c,  30  c.c.  of  ammonia  added,  heated  to  boiling,  exactly  neutralized 
with  acetic  acid,  100  c.c.  of  the  acid  ammonium  acetate  poured  in,  and  diluted  to 
about  500  c.c  The  mixture  as  prepared  will  contain  all  the  zinc  in  solution,  and 
the  iron  will.be  precipitated  as  acetate.  The  titration  may  at  once  be  proceeded 
with  at  a  temperature  of  about  50*  to  60P  C.  by  adding  the  ferrocyanide  until 
the  necessary  reaction  with  uranium  is  obtained.  As  before  mentioned,  Galetti 
takes  the  change  of  colour  as  the  ending  of  the  process,  and  when  iron  is  present 
this  is  <^uite  distinguishable,  but  it  requires  considerable  practice  to  rely  upon, 
and  it  is  therefore  safer  to  use  the  uranium  indicator.  When  using  the 
uranium,  however,  it  is  better  to  dilute  the  zinc  solution  less,  both  in  the 
adjustment  of  the  standard  ferrocyanide  and  the  analysis  of  ores.  The  dilution 
is  necessary  with  Galetti 's  method  of  ending  the  process,  but  half  the  volume 
of  liquid,  or  even  less,  is  better  with  the  external  indicator. 

In  Hydrochloric  Acid  Solution  (Fahlberg). — This  method  is 
not  available  in  the  presence  of  iron,  copper,  nickel,  colmlt,  or 
manganese. 

Both  these  processes  have  been  thoroughly  investigated  by  L.  de 
Koninck  and  E.  Prost  (Z.  a.  (7.  1896,  460,  also  V.  N.  Ixxvi.  6^ 
with  a  view  to  ascertain  the  exact  reactions  which  take  place  in 
adding  potassium  ferrocyanide  to  a  solution  of  zinc.  The  reaction 
takes  place  somewhat  slowly;  therefore  there  may,  at  first,  be  an 
excess  of  ferrocyanide  as  proved  by  the  uranium  reaction.      Soon, 
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however,  this  excess  disappears,  as  an  insoluble  double  compound  of 
zinc  and  potassium  ferrocyanide  is  formed.  The  direct  titration  of 
zinc  by  means  of  potassium  ferrocyanide  is,  therefore,  not  to  be 
recommended.  The  following  is  found  by  the  authors  to  give  trust- 
worthy results. 

Metuod  of  Procedure  :  10  gm.  of  pure  zinc  are  dissolved  in  hydrochloric 
acid,  nearly  neutralized  with  soda,  and  maide  up  to  1  liter.  27  gm.  of  potassium 
ferrocyanide  are  dissolved  in  a  liter  of  water.  These  solutions  are  then  checked 
by  mixing  20  c.c.  of  the  zinc  solution  with  50  c.c.  of  a  20  per  cent,  solution  of 
ammonium  chloride,  two  drops  of  a  10  per  cent,  solution  of  sodium  sulphite,  and 
10  c.c.  of  hydrochloric  acid  (sp.  gr.  1*075) ;  the  zinc  solution  must  be  measured 
from  an  accurate  pipette,  but  the  others  are  only  rousfhly  measured.  40  c.c. 
exactly  of  the  ferrocyanide  solution  are  now  added,  and,  after  being  left  for  at 
least  ten  minutes,  the  excess  is  titrated  with  the  zinc  solution  until  the  uranium 
reaction  is  no  longer  obtained.  The  relation  between  the  zinc  and  the  ferro- 
cyanide is  thus  determined. 

The  estimation  of  zinc  in  any  of  its  ores  is  as  follows :— 2*5  gm.  of  the  sample 
are  dissolved  in  nitrohydrochloric  acid  and  evaporated  to  dryness  to  render  any 
silica  insoluble,  the  residue  being  taken  up  with  5  c.c.  of  hydrochloric  acid  and  a 
little  water.  The .  filtrate  from  this  is  freed  from  lead,  cadmium,  etc.,  by  a 
current  of  hydrogen  sulphide,  boiled  to  expel  the  gas,  and,  after  cooling,  mixed 
with  25  c.c.  of  saturated  bromine  water.  After  pouring  the  liquid  into  a  500  c.o. 
flask,  containing  100  c  c.  of  ammonia  (sp.  gr.  0*9),  and  10  c.c.  of  a  25  per  cent, 
solution  of  ammonium  bicarbonate,  it  is,  when  cold,  made  up  to  the  mark. 

When  the  precipitate  has  quite  settled,  the  liquid  is  passed  through  a  dry 
filter.  100  c.c.  are  then  pipetted  ofif,  acidified  with  hydrochloric  acid,  and 
titrated  with  the  ferrocyanide  in  the  way  described. 

Maxwell  Lyto,  who  used  the  original  method  of  Fahlberg, 
gives  the  following  method  of  treating  a  blende  containing  lead, 
copper,  and  iron  in  small  quantities  (C.  N.  xxi.  222)  : — 

2  gm.  of  finely  powdered  ore  were  boiled  with  strong  HCl  and  a  little  KClOs, 
the  insoluble  matter  again  treated  in  like  manner,  the  solutions  mixed  and 
evaporated  somewhat,  washed  into  a  beaker,  cooled,  and  moist  barium  carbonate 
added  to  precipitate  iron,  copper,  etc.,  allowed  to  stand  a  few  hours,  then  filtered 
into  a  200  c.c.  flask  containing  10  c.c.  of  strong  HCl,  and  washed  until  the  exact 
measure  was  obtained.  20  c.c.  (=0*2  gm.)  of  blende  were  measured  into  a  small 
beaker,  diluted  with  the  same  quantity  of  water,  3  drops  of  uranic  solution  added 
as  indicator,  and  the  ferrocyanide  delivered  in  from  a  biurette.  When  70  c.c. 
were  added  the  brown  tinge  disappeared  slowly ;  the  testing  on  a  white  plate  was 
then  resorted  to,  and  the  ferrocyanide  added  drop  by  drop,  until  the  proper  effect 
occurred  at  73  c.c.  As  a  slight  excess  of  ferrocyanide  was  necessary'  to  produce 
the  brown  colour,  0*2  c.c.  was  deducted,  leaving  72*8  c.c.  as  the  quantity  necessary 
to  precipitate  all  the  zinc.  The  0*2  gm.  of  blende  therefore  contained  0*0728  gm. 
of  Zn  or  36*4  per  cent. 

The  sample  in  question  contained  about  2*7  per  cent,  of  copj)er,  but 
this  was  precipitated  with  the  iron  by  the  barium  carbonate ;  had  it 
contained  a  larger  quantity,  the  process  would  not  have  been  available 
unless  the  copper  was  removed  by  other  means. 

Mahon  {Ainer.  Chem.  J(mrn.  iv.  53)  uses  the  ferrocyanide  method 
much  in  the  same  wav  as  above  described,  but  finds  that  Mn  must  be 
absent  to  ensure  good  results.  In  the  presence  of  Mn  he  separates 
the  Zn  from  a  strong  acetic  solution  with  HgS.  The  sulphide  is  then 
dissolved  in  HCl  and  titrated  as  before. 

A  modification  of  the  ferrocyanide  method  so  as  to  be  available  for 
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the  estimation  of  both  zinc  and  manganese  in  the  presence  of  each 
other  has  l)een  devised  by  (J.  C.  Stone  {J,  Am,  C.  S.  xvii.  437). 

The  standard  sohitions  required  are  : — 

Potassium  ferrocyanide,  about  30  gm.  i)er  liter.  Its  actual  working 
strength  is  found  by  titrating  it  upon  a  known  weight  of  either  zinc 
or  manganese  in  slightly  acid  solution,  using  a  very  dilute  solution  of 
cobalt  nitrate  as  outside  indicator.  A  correction  is  made  in  all  cases 
for  the  amount  of  ferrocyanide  required  to  give  the  reaction  with  the 
indicator,  and  may  be  taken  as  0*5  c.c.  for  every  100  c.c.  of  the 
solution  titrated. 

Potassium  permanganate*,  1*99  gm.  of  the  pure  salt  per  liter. 
1  c.c.  =  1  m.gm.  of  Mn. 

The  end-point  of  reaction  with  the  indicator  is  found  by  placing 
drops  of  the  colmlt  solution  on  a  white  tile,  and  bringing  a  drop  of 
the  liquid  under  titration  in  contact  with  it,  but  not  actually  mixing. 
The  occurrence  of  an  immediate  faint  green  line  at  the  junction  of  the 
drops  is  accepted  as  the  correct  reading. 

Method  of  Pbocedure:  The  ore  is  dispolved  in  HCl  with  the  addition  of 
KCIO3  as  an  oxidizer,  and  care  nmnt  be  taken  to  liave  sufficient  acid  to  keep  all 
the  manj^anese  in  solution. 

Jjead  alone  need  not  be  separated ;  copper  can  be  preci[>itated  by  lead ;  or 
lead  and  coppiT  can  both  be  precipitate  by  ahiminium.  Cadmium  should 
be  precipitated  b}-  HjS,  and  the  filtrate  oxidized.  Iron  and  aluminium  are 
best  separated  by  barium  carbonate,  but  the  latter  must  be  free  from  alkaline 
carbonates  and  hydroxides,  barium  hydroxide,  and  ammonium  saltA.  A  salt 
sufficiently  pure  for  the  purpose  may  be  obtained  by  suspending  the  ordinary 
pure  carbonate  (first  proved  free  from  ammonium  salts)  in  warm  water  for 
several  hours  with  2  or  3  per  cent,  of  its  weight  of  barium  chloride. 

The  well  oxidized  solution  of  the  ore  is  put  into  a  500  c.c.  flask,  and  barium 
carbonate  suspended  in  water  added  until  the  precipitate  coagulates.  The  whole 
is  then  poured  into  a  beaker,  well  mixed,  allowed  to  settle,  and  the  clear  liquid 
decanted  through  a  dry  filter,  and  diluted  to  500  c.c.  Portions  of  50,  100  or 
200  c.c.  of  the  filtrate  are  used  for  each  titration.  One  portion,  which  should 
contain  between  001  and  0*04  gm.  of  manganese,  is  diluted  to  200  cc,  heated 
nearly  to  boiling  in  a  ]x)rcelain  dish,  and  titrated  rapidly  with  permanganate 
with  vigorous  stirring. 

A  second  portion  is  made  slightly  acid  with  hydrochloric  acid,  the  zinc  and 
manganese  are  titrated  together  in  the  cold  with  ferrocyanide ;  the  dark  colour 
of  the  precipitate  suddenly  changes  to  light  yellowish  green  shortly  before  the 
end  of  the  reaction.  It  is  not  necessary  to  test  with  the  cobalt  solution  until 
1  or  2  c  c.  of  the  ferrocyanide  have  been  added  after  the  lightening  of  the 
precipitate. 

Example  :  1  c.c.  of  the  ferrocyanide  solution  equalled  0*00600  gm.  of  zinc,  or 
0*00384  of  manganese;  1  c.c.  of  the  permancranate  e<^ualled  O'OOl  gm.  of 
manganese.  2k  gm.  of  the  ore  were  dissolved,  and  the  iron  precipitated  and 
filtered  out.  60  c.c.  of  the  solution  were  diluted,  heated,  and  titrated  with 
permanganate,  requiring  18*45  c.c.  =-7*38  per  cent,  of  manganese.  100  c.c. 
titrated  with  ferrocyanide  required  27*85  c.c.  of  which  9*61  c.c.  would  be  used  by 
the  manganese  present.  Deducting  this,  18*24  c.c.  was  left  for  the  zinc,  equal  to 
0'  1 1053  gm.,  or  22'  1 1  per  cent.  The  amounts  of  zinc  and  manganese  as  determined 
gravimetrically  were  22*05  and  758  per  cent,  respectively. 

6.    Estimation  as  Zinc  Ammoniiun  Phosphate. 

The  method  has  been  devised  bv  P.  H.  Walker  (/.  Am.  (J.  S. 
1901,  23,  [7],  468—470).     This  process  is  a  modification  of   that 
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devised  by  Stolba  for  the  determination  of  magnesium,  and  is  carried 
out  as  follows  : — 

To  the  zinc  solution,  which  should  contain  ammonium  chloride,  a  large  excess 
of  ammonia  is  added,  then  a  large  excess  of  sodium  phosphate  solution. 
Hydrochloric  acid  is  now  gradually  added  until,  after  stirring,  the  solution 
remains  milky,  when  the  liquid  is  heated  to  about  75*"  C,  and  the  g^radual 
addition  of  acid  continued,  with  constant  stirring,  until  nearly  complete 
neutralization  is  attained.  B^  this  means  the  precipitate  becomes  crjrstalline, 
and  after  five  minutes'  standing  it  should  be  filtered  off  and  washed  with  cold 
water  until  the  washings  showed  only  a  faint  trace  of  chlorine.  The  filter  paper 
and  precipitate  are  now  returned  to  the  beaker  in  which  the  precipitation  was 
carried  out,  an  excess  of  standard  acid  added,  and  the  exact  point  of  neutrality 
determined  by  means  of  standard  alkali,  using  methyl  orange  as  indicator.  From 
the  equation — 

ZnNH4P04  +  HjS04 = ZnS04  +  NH4H5PO4 

it  is  seen  that  1  c.c.  of  normal  acid  corresponds  with  32*7  m.gm.  of  zinc.  The 
method  gives  good  results.  Since  the  zinc  ammonium  phoshate  is  not 
precipitated  in  presence  of  a  large  excess  of  ammonia,  any  magnesium  present^ 
which  will  be  precipitated,  may  be  removed  by  filtration,  and  the  filtrate 
neutralized  to  throw  down  the  zinc.  Fairly  good  results  are  obtained  by  this 
method  also  in  the  presence  of  iron,  calcium,  and  magnesium,  but  any  manganese 
must  be  previously  separated,  best  by  means  of  nitric  acid  and  potassium 
chlorate. 

7.    Estimation  of  Zinc  as  Oxalate. 

This  method  is  based  on  the  fact  that  all  the  metals  of  the  magnesia 
group  are  precipitated  in  the  absence  of  alkaline  salts  by  oxalic  acid, 
with  the  addition  of  alcohol.  The  cases  are  very  few  in  which  such 
a  method  can  be  made  available,  but  the  process  as  described  by 
W.  G.  Lei  son  (Sillvf(a7i^s  Joum,  Sept.  1870)  is  here  given. 

The  zinc  compound  is  obtained,  preferably  as  sulphate,  in  neutral  solution,  and 
strong  solution  of  oxalic  acid  and  a  tolerable  quantitv  of  strong  alcohol  are 
added.  Zinc  oxalate  quickly  separates  in  a  fine  crystallme  powder,  which  when 
washed  by  alcohol  from  excess  of  oxalic  acid  and  dried,  can  be  dissolved  in  hot 
dilute  sulphuric  acid,  and  titrated  with  permanganate ;  the  amount  of  zinc  is 
calculated  from  the  weight  of  oxalic  acid  so  found.  If  the  zinc  oxalate  be 
washed  on  a  paper  filter,  it  cannot  be  separated  from  the  paper  without  con- 
tamination with  fibres  of  that  material,  which  would  of  course  affect  to  some 
extent  the  permanganate  solution.  Hence  it  is  advisable  to  filter  through  very 
clean  sand,  best  done  by  a  special  funnel  ground  conical  at  the  throat ;  into  this 
is  dropped  a  pear-shai)ed  stopper  with  a  long  stem,  the  pear-shaped  stopper  fitting 
the  funnel  tlioat  tightly  enough  to  prevent  sand  but  not  liquids  from  passing ;  a 
layer  of  sand  being  placed  ui>on  the  globular  end  of  the  stopper  and  packed 
closely,  the  liquid  containing  the  oxalate  is  brought  upon  it  and  so  washed; 
finally  the  stopper  is  lifted,  the  sand  and  oxalate  washed  through  with  dilute 
acid  into  a  clean  flask,  and  the  titration  completed. 

8.    Zinc  Dust. 

The  value  of  this  substance  depends  upon  the  amount  of  metallic 
zinc  contained  in  it ;  but  as  it  generally  contains  a  large  proportion  of 
zinc  oxide,  the  foregoing  methods  are  not  available  for  its  valuation. 
The  volume  of  hydrogen  yielded  by  it  on  treatment  with  acids  appears 
to  be  the  most  accurate,  as  suggested  by  Fresenius  or  by  Barnes 
(/.  S,  C.  I.  V.  145).     This  may  very  well  Ix*  done  in  the  nitrometer 
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with  decomposing  flask,  and  comparing  the  volume  of  gas  yielded  hy 
pure  zinc  and  the  sample  of  dust  under  examination. 

Many  other  methods  have  been  proposed  for  the  valuation  of  this 
substance.  The  best  is  that  of  Klemp  (Z.  a.  C,  xxix.  253),  which 
consist  in  treating  the  dust  with  an  excess  of  caustic  potash  and 
potassium  iodate ;  the  latter  is  reduced  in  definite  proportion  by  the 
metallic  zinc  to  potassium  iodide,  and  the  latter  estimated  by  dis- 
tillation in  the  iodometric  apparatus,  figs.  39  or  40.  The  solutions  of 
potash  and  iodate  must  l)e  somewhat  concentrated,  and  the  mixture 
with  the  zinc  dust  must  be  intimate,  which  may  be  best  secured  by 
shaking  the  whole  together  in  a  well-stoppered  200  c.c.  flask  witli 
glass  beads.  A  5  per  cent,  solution  of  iodate  should  be  used,  and  the 
potash  solution  should  l)e  about  40  per  cent.  For  1  gm.  of  the  dust, 
30  c.c.  of  the  iodate  and  so  much  of  the  jwtash  solution  should  be 
used  as  to  measure  130  c.c.  The  weighed  substance,  together  with 
the  beads,  l)eing  already  in  the  flask,  the  solutions  are  added,  the 
stopper  greased  with  vaseline,  tied  down  and  shaken  for  five  minutes, 
then  heated  on  the  water  bath,  with  occasional  shaking  for  one  hour. 
(Digestion  without  heat  give^  practically  the  same  results.)  The 
flask  is  then  cooler!  and  the  contents  diluted  to  250  or  500  c.c,  and 
50  or  100  c.c.  placed  in  the  distilling  flask,  acidified  with  sulphuric 
acid,  and  the  iodine  so  set  free  distilled  into  solution  of  jxitassium 
iodide,  and  titrated  with  thiosulphate  in  the  usual  way.  Each 
0*2  gm.  of  iodine  so  found  =  0*25644  gm.  Zn  or  one  i>art  of  Zu 
should  theoretically  liberate  0*7799  part  of  1. 

A  simpler  method  has  been  devised  by  A.  R.  Wahl  (J,  S,  C\  I. 
xvi.  15),  but  like  many  others  it  gives  no  protection  against  metallic 
iron,  but  this  of  course  can  be  ascertaineii  by  other  means. 

It  was  found  that  when  solid  ferric  sulphate  is  added  to  zinc  dust 
suspended  in  a  little  cold  water  with  exclusion  of  free  acid,  a  reaction 
occurs  with  evolution  of  heat,  and  the  zinc  quickly  and  totally 
dissolves  with  formation  of  a  clear  greenish  solution.  A  small 
residue  remains  consisting  of  lead  and  other  impurities.  The  solution 
of  the  zinc  takes  place  without  any  evolution  of  hydrogen,  and  the 
reaction  is  therefore  represented  by  the  equation — 

Fe2(S04)3  +  Zn  t=  ZnSO^  +  2Ye^0^ 

When  all  has  dissolved,  it  is  only  necessary  to  acidify  the  solution 
with  sulphuric  acid  and  titrate  with  permanganate  to  find  the  quantity 
of  ferrous  salt  obtained,  and  hence  the  quantity  of  metallic  zinc  in 
the  sample  under  examination. 

Phepabation  of  Pure  Peebic  Sulphate.— 500  gm.  of  mire  ferrous 
sulphate  are  disHolved  in  as  little  water  as  possible,  and  to  it  are  added  100  gm. 
of  sulphuric  acid  and  gradually  210  srm.  of  nitric  acid  (60  per  cent.).  On  adding 
the  nitric  acid,  torrent8  of  nitrous  gas  are  evolved,  the  solution  acquiring  a 
nearly  black  colour,  which  disappears  again  when  the  whole  of  the  acid  is  added. 
The  solution  is  evaporated  on  the  water-bath  until  it  becomes  solid,  when  it  is 
ground  with  alcohol  in  a  mortar,  put  on  a  filter,  and  washed  with  alcohol  until 
the  filtrate  is  no  longer  acid.  The  product  is  then  dried  thoroughly  on  the 
water-bath  to  remove  all  alcohol  and  the  salt,  which  is  a  perfectly  white  powder, 
is  kept  in  stoppered  bottles  for  use. 
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Method  of  Pbocedube  :  About  ^  gm.  of  zinc  dust  is  put  into  a  stoppered 
250  c.c.  fla^k  and  to  it  are  added  25  c.c.  of  cold  water.  The  mixture  is  agitated, 
and  when  the  zinc  is  thoroughly  suspended,  7  gm.  of  ferric  sulphate  are  added. 
There  is  a  gentle  evolution  of  heat,  and  after  shaking  for  a  quarter  of  an  hour, 
the  zinc  will  have  completely  dissolved,  with  exception  of  a  slight  residue  of 
imptuities.  25  c.c.  of  strong  sulphuric  acid  are  then  added,  and  the  flask  is 
filled  with  water  to  250  c.c.  50  c.c.  of  this  solution,  after  dilution  with  60  cc. 
of  water,  are  titrated  with  standard  permanganate. 

From  the  quantity  of  the  latter  employed,  the  percentage  of  metallic  zinc  is  at 
once  found. 

Another  method  is  as  follows  -.^(Analyst  xxv.  279.) 

One  gm.  of  the  sample  is  weighed  into  a  dry  stoppered  200  c.c.  flask,  mixed 
with  100  c.c.  of  potassium  bichromate  solution  (30  gm.  per  liter)  and  10  c.c.  of 
1  :  3  sulphuric  acid,  and  agitated  for  five  minutes.  Another  10  c.c.  of  acid  are 
then  added,  and  the  shaking  continued  for  ten  or  fifteen  minutes,  when  every- 
thing, except  a  small  earthy  residue,  should  be  dissolved.  The  liquid  is  diluted 
to  500  c.c,  and  in  50  c.c.  thereof  the  excess  of  bichromate  is  estimated  by 
introducing  10  c.c.  of  10  per  cent,  potassium  iodide  and  5  c.c.  of  sulphuric  add, 
titrating  the  liberated  iodine  with  decinormal  thiosulphate. 

9.    Zinc  Oxide  and  Carbonate. 

Benedikt  and  Cantor  {Zeit,  amjeio,  Chem.  1888,  236,  237)  shew 
that  zinc  oxide  and  carbonate  can  be  accurately  titrated  with  standard 
acid  and  alkali,  using  methyl  orange  as  indicator,and  other  zinc  salts, 
using  phenolphthalein.  The  oxide  or  carbonate  is  dissolved  in  excess 
of  acid,  and  the  excess  titrated  hack  hy  soda  solution.  Zinc  salts  are 
dissolved  in  water  (50  c.c.  to  O'l  gm.  ZnO),  phenolphthalein  is  added, 
and  then  standard  soda  solution  to  intense  red  colour.  A  few  more 
c.c.  of  soda  are  then  added,  the  mixture  is  boiled  for  some  minutes, 
and  the  excess  of  soda  titrated.  If  either  free  acid  or  zinc  oxide  is 
present  in  the  zinc  salt,  it  is  neutralized  in  presence  of  methyl  orange 
hy  alkali  or  acid,  as  the  case  may  be. 

ACETONE. 

(CH3)2CO  =  58. 

§  85.  Several  volumetric  methods  have  been  advocated  for  the 
estimation  of  this  suhstance,  one  of  the  earliest  being  by  Robineau 
and  Rollins  {J.  C.  S.  /.  1893,  870).  An  improved  modification  of 
this  was  introduced  by  E.  Squibb  (J.  Am.  C.  S,  1896,  1068), 
and  a  still  further  slight  modification  of  the  latter  is  given  by 
L.  F.  Kebler  (ibid.  1897,  316),  who  found  that  a  difficulty  was 
experienced  in  obtaining  absolutely  pure  acetone,  and  the  drop  final 
reaction,  as  used  by  Squibb,  being  lengthy  and  tedious,  has  modified 
the  method  so  that  the  use  of  pure  a<;etoiie  and  the  drop  final  reaction 
are  dispensed  with. 

The  solutions  required  are  as  follows  : — 

(1)  A  6  per  cent,  solution  of  hy^drochloric  acid. 

(2)  A  decinormal  solution  of  sodium  thiosulpliate. 

(3)  Alkaline  potjissium  iodide  solution  prepared  by  dissolving  250  gm.  of 
potassium  iodide  in  water,  made  up  to  a  liter;  dissolving  257  gm.  of  Fodium 
Hydroxide  (by  alcohol)  in  water,  likewise  made  up  to  a  liter.  After  allowing  the 
latter  to  stand,  800  c.c.  of  the  clear  solution  are  added  to  the  liter  of  potassium 
iodide. 
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(4)  Sodium  hypochlorite  solution  :  100  gm.  of  bleaching  powder  (35  per 
cent.)  are  mixed  with  400  c.c.  of  water ;  to  this  is  added  a  hot  solution  of  120  gm. 
of  crystallized  sodium  carbonate  in  400  c.c.  of  water.  After  cooling,  the  clear 
liquid  is  decanted,  the  remainder  filtered,  and  the  filtrate  made  up  to  a  liter ;  to 
each  liter  ls  added  26  c.c.  of  sodium  hydroxide  solution  (sp.  gr.  1*20). 

(5)  An  aqueous  acetone  solution  containing  1  or  2  per  cent,  of  acetone,  as 
pure  as  may  be  had,  say  09*7  °/o. 

(6)  Ktarch  solution,  prepared  by  treating  0*126  gm.  of  starch  with  5  c.c.  of 
cold  water,  then  adding  20  c.c.  of  boiling  water,  boiling  a  few  minutes,  cooling, 
and  adding  2  gm.  of  sodium  bicarbonate.  This  starch  solution  will  keep  for 
some  weeks. 

To  20  c.c.  of  the  potassium  iodide  solution  are  added  10  c.c.  of  the  diluted 
a<iueous  acetone,  an  excess  of  the  sodium  hypochlorite  solution  is  then  run  in 
from  a  burette  and  well  shaken  for  a  minute.  The  mixture  is  then  acidified 
with  the  hydrochloric  acid  solution,  and  while  agitated,  an  excess  of  sodium 
tliiosulphate  solution  is  nm  in,  the  mixture  being  afterwards  allowed  to  stand  a 
few  minutes.  The  starch  indicator  is  then  added  and  the  excess  of  thiosulphate 
re-titrated.  The  relation  of  the  sodium  hypochlorite  solution  to  the  sodium 
thiosulphate  being  known,  the  percentage  of  acetone  can  be  readily  calculated. 

Dr.  Squibb'8  Method  of  Titration. — 10  c.c.  of  the  dilute  pure  acetone 
(=0*1  gm.)  are  put  into  a  50  c.c.  beaker,  and  20  c.c.  of  the  mixed  soda  and 
potassium  iodide  solution  added ;  into  this,  the  hypochlorite  is  rapidly  run  in 
from  a  burette  until  8  or  10  c.c.  have  been  added.  The  iodoform  is  then  allowed 
to  settle,  and  a  few  drops  more  of  the  hypochlorite  added.  Should  this  produce 
a  dense  cloudiness,  a  little  more  is  added,  until  finally  the  cloudiness  is  only  very 
slight.  It  is  then  tested  by  starch,  a  drop  of  the  starch  solution  being  placed 
near  to  a  drop  of  the  liquid  on  a  white  porcelain  plate,  and  the  two  drops  run 
into  one  another.  If  no  blue  colour  is  visible,  a  few  more  tenths  of  a  c.c.  of 
hypochlorite  solution  are  run  in,  repeating  the  process  until  the  starch  gives  a 
blue  coloration.  Having  now  checked  the  standard  solution,  any  number  of 
acetone  estimations  may  be  made,  but  it  must  be  remembered  that  the 
hypochlorite  does  not  keep,  and  must,  therefore,  be  standardized  daily.  It  is 
also  advisable,  when  dealing  with  acetone  solutions  of  unknown  strength,  that 
the  estimation  should  be  repeated,  talking  such  a  quantity  of  solution  that  the 
amount  of  acetone  is  about  the  same  as  that  used  in  the  check  experiment. 

The  author  also  confirms  the  statement  that  the  presence  of  ethylic  alcohol 
does  not  interfere  with  this  process,  although  it  is  an  iodoform  yielding 
substance. 

In  the  above  reaction  1  mol.  of  acetone?  requires  3  luol.  of  iodine 
to  form  1  mol.  of  iodofonn.  One  atom  of  available  chlorine  will 
liberate  one  atom  of  iocline  from  the  KI  in  the  alkaline  solution,  or 
1  c.c.  will  liberate  just  enough  I  to  make  1  c.c.  of  the  same  normal 
strength  as  the  hypochlorite  solution  originally  was ;  therefore  by 
reading  the  number  of  c.c.  of  hypochlorite  consumed  as  so  many  c.c. 
of  iodine  solution  of  the  same  normal  strength,  the  calculation  is 
reduced  to  the  basis  of  iodine.  Expressing  it  as  a  proportion,  and 
letting  y  equal  .the  amount  of  combined  I  and  x  that  of  acetone,  we 

have  (taking  I  as  126*5)  759  :  bS  :  :  y  :x  or  x=y  »^or.r  =  y  0*07641. 

Ejcample  of  Calculation. — 10  c.c.  of  the  acetone  solution  containing 
1  gm.  of  the  liquid  to  be  analyzed  required  14*57  c.c.  of  N  x  0*806 
Iiypochlorite,  which  formed  14*57  c.c.  of  iodine  solution  of  same 
strength  or  combining,  we  have 

14*57  X  0*806  X  0*1265x0*07641  ^    ,       ^  ..^..o, 

^ J — r-T' =  amount  of  acetone  =  1 1*351    / 

1  gm.  of  solution  ' " 
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The  presence  of  ethyl  alcohol  as  would  occur  in  methylated  spirit 
does  not  interfere  with  the  estimation  of  acetone,  as  the  process  is 
•carried  on  at  ordinary  temperature  and  no  iodoform  is  produced. 

ANILINE. 

§  86.  A  PROCESS  for  estimating  aniline  or  its  salts  has  been 
devised  by  M.  Fran 90 is  (/.  Phaim,  1899,  521).  The  principle  of 
the  method  depends  on  the  fact  that,  if  bromine  water  is  added  to  an 
aniline  solution  which  contains  a  little  soluble  indigo  as  indicator,  the 
bromine  does  not  act  on  the  indigo  imtil  all  the  aniline  has  been 
converted  into  tribromaniline. 

Method  of  Procedure  :  The  bromine  ^-ater  (5  gm.  bromine  in  1000  c.c. 
water)  is  standardized  by  means  of  an  aqueous  solution  of  aniline  hydroohloride, 
which  contains  1-392  gm.  of  the  pure  salt  in  1000  c.c.  (1  c.c. =0*001  gm.  aniline). 
The  bromine  water,  if  exposed  to  the  air,  is  continually  losing  bromine ;  it  is 
therefore  essential  to  use  a  burette  of  such  capacity  that  it  contains  enough 
bromine  water  for  both  the  standardization  and  estimation  without  refilling ;  to 
close  the  end  of  the  burette  with  a  plug  of  cotton  wool ;  to  find  approximately 
the  number  of  c.c.  of  bromine  water  required,  and  then,  in  the  final  titration  to 
add  nearly  the  whole  at  once  in  order  to  avoid  the  sUght  loss  of  bromine  which 
occurs  when  drops  of  the  solution  fall  through  the  air.  The  method  may  be 
applied  to  solutions  containing  aniline  or  ite  hydrochloride,  the  presence  of 
ammonium  chloride  does  not  vitiate  the  result,  and,  finally,  if  the  solution  to  be 
titrated  contains  mineral  substances  which  would  react  with  the  bromine,  the 
aniline  may  be  liberated  by  potash  and  distilled  in  steam.  The  degree  of  dilution 
of  the  aniline  solution  does  not  influence  the  result. 

Another  method  devised  by  Reinhardt  is  described  by  Liebmann 
and  Studer  (J.  /S.  C.  I.  1899,  110),  who  use  a  slight  modification  of 
it  for  estimating  aniline  or  mixtures  of  aniline  and  0-  and  ^toluidines 
which  are  sometimes  present  in  technical  oils.  Kcinhardt  accom- 
plishes this  by  titration  of  the  oil  in  hydrobromic  acid  solution  by 
potassium  bromate  and  bromide. 

Aniline  requires  tliree  molecules  of  bromine  to  form  tribromo- 
aniline,  whilst  o-  and  j»-toluidine  only  absorb  two  molecules. 

Method  op  Procedure:  Reinhardt  prepares  his  standard  solution  by 
boiling  480  gm.  of  Br  with  336  gm.  of  KOH  (100  per  cent.)  and  1  liter  of 
water  for  2-3  hours,  then  dilutes  to  9  liters. 

H^'pobromites  should  not  be  present. 

To  carry  out  his  analysis,  he  dissolves  1*5-2  gm.  of  oil  in  1000  c.c.  of  water  and 
100  c.c.  of  hydrobromic  acid  of  1'4-1'5  sp.  gr.  He  adds  his-  bromate  solution 
until  iodine  starch-paper  indicates  the  presence  of  free  bromine. 

The  fol longing  equation  gives  him  the  result  — 

in  which  X  means  aniline,  V  the  volume  of  bromate  used,  T  its  titer,  and  A  the 
weight  of  oil  used  for  analysis.  Toluidine  is  found  by  difference.  To  estimate 
the  relative  quantities  of  o-  and  p-toluidine,  use  is  made  of  the  property  of 
p-toluidine  and  aniline  to  be  precipitated  from  their  hydrochloric  acid  solution  by 
-oxalic  acid,  whilst  o-toluidine  remains  in  solution. 

160  gm.  of  the  oil  are  dissolved  in   106  gm.   of  HCl  of  20""  B,  and  the 
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mixture  is  then  added  to  a  hot  solution  of  oxalic  acid  in  10  times  its  quantity 
of  water. 

The  solution  vrill  be  clear  in  the  beginning.  It  has  to  stand  for  48  hours. 
The  oxalates,  which  will  then  have  separated  out,  are  filtered  and  washed  three 
times  with  25  c.c.  of  distilled  water. 

After  decantation  with  hot  dilute  KOH  (100  c.c.  KOH  45°  B.,  200  c.c. 
H2O),  the  oil  is  separated,  weighed,  and  finally  titrated  by  the  bromine  solution 
to  find  the  amount  of  ^toluidine  present. 

Liebmann  and  Studer  have  adopted  this  method,  with  slight  modifications, 
for  estimating  the  aniline  and  toluidine  oils,  and  also  for  analyzing  the  aniline 
salts.  To  prepare  the  standard  solution,  16*7  gm.  of  pure  potassium  bromate  and 
59*5  gm.  of  potassium  bromide  are  dissolved  in  1  liter  of  water,  and  standardized 
by  titration  with  sodium  thiosulphate,  using  potassium  iodide  and  starch  as 
indicator. 

For  aniline  they  have  found  that  concentrated  hydrochloric  acid  can  be 
used  as  solvent  instead  of  hydrobromic  acid,  but  that  the  latter  is  essential 
when  toluidines  are  present.  Instead,  however,  of  using  ordinary  hydrobromic 
acid,  they  found  that  by  dissolving  100  gm.  of  potassium  bromide  in  100  c.c.  of 
hot  water,  and  100  c.c.  of  hydrochloric  acid,  sp.  gr.  1*18,  an  acid  is  obtained 
which  gives  accurate  results. 

For  pure  aniline  0*5  gm.  of  the  oil,  or  about  0*6  gm.  of  salt  is  dissolved  in 
about  500  C.C.  of  water  and  30  c.c.  of  pure  hydrochloric  acid  of  1*18  sp.  gr.,  and 
add  the  standard  solution  until  a  distinct  excess  of  bromine  is  observable.  The 
reaction  grows  slower  at  the  end  of  the  operation,  but  it  is  found  that  to  wait  for 
two  minutes  is  quite  sufficient  to  determine  whether  free  bromine  is  present  in 
solution  or  not.  The  excess  of  bromine  is  estimated  by  titration  with  ^/lo 
thiosulphate  solution,  using  potassium  iodide  and  starch  as  indicator,  6  c.c.  of  the 
thiosulphate  corresponding  to  1  c.c.  of  the  bromate  solution. 

For  aniline  containing  toluidine  0*5  gm.  is  dissolved  in  32  c.c.  of  hydrobromic 
acid,  prepared  as  above,  and  500  c.c.  of  water,  and  the  titration  is  carried  out 
in  the  same  way  as  with  pure  aniline.  A  number  of  analyses  of  aniline  oil  and 
salt  and  of  mixtures  of  aniline  oil  with  toluidine  of  known  composition,  gave 
excellent  results. 

Another  method  has  been  adopted  of  carrying  out  Reinhardt's. 
process  for  estimating  the  aniline  and  toluidine  in  aniline  oil,  which 
depends  on  the  bromination  of  these  two  amines  by  potassium  bromate- 
in  hydrobromic  acid  solution. 

An  8  per  cent,  solution  of  pure  potassium  bromate  is  prepared,  the  strength 
being  determined  by  mixing  25  c.c.  with  5  gm.  of  potassium  iodide  and  3  c.c.  of 
25  per  cent,  hydrobromic  acid  solution,  and  estimating,  by  titration  with 
standard  thiosulphate,  the  iodine  set  free  according  to  the  equation : 
KBr03  +  6HBr  +  6KI  =  3l2  +  7KBr  +  3H20.  One  gm.  of  iodine  corresponds 
with  0*22083  gm.  of  potassium  bromate,  that  is,  with  0*12231  gm.  of  aniline,  or 
0*14061  gm.  of  toluidine.  About  1  gm.  of  the  aniline  oil  is  dissolved  in  about 
60  gm.  of  25  per  cent,  hydrobromic  acid  solution,  and  the  bromate  solution  run 
in  until  the  clear  liquid  above  the  bromide  precipitate  assumes  a  yellow 
coloration.  Then,  if  a  is  the  weight  of  oil  taken,  n  the  number  of  c.c.  of  bromate 
solution  employed,  t^  and  i^  the  amounts  of  analine  and  toluidine  respectively 

corresponding  with  1  c.c.  of  the  bromate  solution,  the  percentage  of  aniline  in 
the  oil   is  given   by:    I00t^{nt^'~a)la(f^- tj,  and   that  of    the  toluidine   by 

Aniline  hydrochloride  may  be  titrated  direct  by  standard  caustic 
alkali,  using  phenolphthalein  or  litmus  (but  not  methyl  orange)  as 
indicator,  as  it  acts  exactly  like  an  equivalent  quantity  of  free 
hydrochloric  acid.  The  presence  of  neutral  ammonium  salts  has  no. 
detrimental  effect. 
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AZO  DYES.  NITBO  AND  NITBOSO  COMPOUNDS,  Bto. 

Dr.  E.  Knecht's  process. 

§  87.  The  powerful  reducing  properties  of  titanous  chloriile 
(TiClg)  render  this  reagent  capable  of  being  put  to  a  variety  of  uses 
in  volumetric  analysis.  Thus,  in  addition  to  its  uses  in  the  volumetric 
estimation  of  iron  (and  arsenic),  it  has  been  found  available  for  the 
exact  estimation  of  several  series  of  aromatic  compoimds,  including 
the  azo  compounds,  the  nitro  and  the  nitroso  compounds.  In  all  the 
cases  hitherto  observed,  the  reduction  takes  place  in  such  a  manner 
that  each  azo-group  present  requires  (in  accordance  with  theory) 
four  equivalents,  each  nitro  group  (NOo)  six  equivalents,  and  each 
nitroso-group  (NO)  four  equivalents  of  TiClg.  Thus  with  benzene- 
azo-betanapthol,  the  reaction  takes  place  according  to  the  following 
equation : — 

CeHgN  :  N.C,oH.OH  +  4TiCL  +  4HC1  = 
CeH^NH^  +  C,oHe(OH)(NH2)  +  4TiCl, 

with  picric  acid, 

CeH2(OH)(N02)3  + 1  STiClg  + 1 8HC1  = 
CeH2(OH)(NH2)3  +  1  STiCl^  + 1 2H2O 

and  with  nitrosodimethylaniline, 

CeH4.N(CH3)2.NO  +  4TiCl3  +  4HC1  = 
CeH,.N(CH3)2.NH,  +  4TiCl^  +  HgO. 

In  using  titanous  cliloride  for  these  estimations,  it  is  essential  that 
the  reagent  should  be  kept  out  of  contact  with  the  air,  both  in  the 
storage  vessel  and  in  the  burette,  and  for  this  purpose  the  arrange- 
ment shown  on  page  224  should  be  used. 

The  most  suitable  strength  of  titanous  chloride  for  titrating  is  a  one 
per  cent,  solution,  obtained  by  letting  down  the  commercial  product 
with  water.  For  this  puriK)se  50  c.c.  of  the  commercial  20  per  cent, 
solution  are  first  mixed  with  an  equal  volume  of  strong  hydrochloric 
acid  and  boiled  for  a  few  minutes  in  a  flask.  The  solution  is  then 
made  up  to  a  liter  with  distilled  water  which  has  been  previously 
boiled.  The  method  of  ascertaining  its  strength  is  shown  on  pages 
223,  224.  When  two  or  more  titrations  agree,  the  iron  value  per  c.c. 
of  the  titanous  chloride  solution  is  easily  calculated. 

In  case  the  azo-compound  under  examination  is  not  precipitated  by 
dilute  hydrochloric  acid,  it  may  be  titrated  directly,  its  own  intense 
colour  serving  as  indicator. 

For  the  titrations  a  solution  of  0*5  gm.  of  the  dyestuff  made  up  to 
500  c.c.  with  distilled  water,  and  of  this  100  c.c.  are  taken.  The 
following  example  may  serve  as  an  illustration  : — 

Ceystal  Scablet  6B.— CaoHiaNjSjOjNaa  +  7H,0  (colouring  matter  from 
alpha  naphthylamine  and  G.  salt.) 

0*5  gm.  of  the  dyestuff  yrtis  dissolved  in  distilled  water  and  the  solution  made 
up  to  500  CO.  Of  this,  100  c.c.  were  measured  out  into  a  oonical  flask,  and  after 
adding  about  10  c.c.  concentrated  hydrochloric  acid,  boiled  for  about  a  minute. 
This  amount  required  22*6  c.c.  of  titanous  chloride  solution. 

The  calculation  is  as  follows : — 
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1  C.C.  Tia,- 0-0016797  gm.  Pe 

and  502  gm.  colour  require  by  theory  224  gm.  Fe. 

/.  010015797^226^602^^.^3^^  ^1^^^ 

224  ^ 

Calc. 
and  1  gm.  contains  08001  or    800l7o        7996 
Water  of  cryst.  at  140°  c.«     19*96  2004 


Total        99-97  10000 

In  the  case  of  dyestuffs  which,  like  the  majority  of  the  benzidine 
derivatives,  are  thrown  out  of  solution  by  hydrochloric  acid,  the 
reaction  is  too  slow  and  the  end  of  the  reaction  often  not  sufficiently 
sharp  to  admit  of  exact  estimations.  In  such  cases  it  is  best  to,  run 
>  in  an  excess  of  titanous  chloride  solution  into  the  boiling  solution  of 
the  dyestuff,  taking  the  precaution  to  keep  a  gentle  current  of  carbonic 
acid  pfissing  into  the  flask  by  a  tube  which  almost  touches  the  surface 
of  the  liquid.  The  reduction  will  usually  be  completed  in  less  than 
two  minutes,  when  the  flask  is  cooled  under  the  tap  without,  however, 
interrupting  the  current  of  carbonic  acid.  When  cold,  the  excess  of 
titanous  chloride  is  estimated  as  already  described  by  running  in  iron 
alum  solution  of  known  strength  (but  preferably  nearly  equivalent  to 
that  of  the  titanous  chloride  solution)  until  a  drop  taken  out  and 
spotted  on  potassium  sulphocyanide  solution  just  shows  a  red  colour. 
By  subtracting  the  number  of  c.c.'s  of  the  iron  alum  solution  (or 
their  equivalent  in  titanous  chloride,  should  the  two  solutions  not  be 
of  equal  strength)  from  the  total  number  of  c.c.'s  of  titanous  chloride 
run  in,  the  exact  amount  of  the  latter  used  up  in  the  reduction  of  the 
dyestuff"  is  arrived  at. 

The  following  example  will  serve  to  illustrate  the  application  of 
the  indirect  method  : — 

Benzopurpubin  4  B,  CsiH^NgSjOsKj -t- 4i  H^O  (potassium  salt  of  the 
09louring  matter  from  tolidine  and  naphthionic  acid). 

0*6  gm.  of  the  dyestuff  is  dissolved  in  distilled  water,  and  the  solution  made 
up  to  600  c.c.  Of  this  100  c.c.  were  measured  into  a  conical  flask  and  heated  to  the 
boil.  10  c.c.  concentrated  hydrochloric  acid  and  60  c.c.  titanous  chloride  solution 
were  then  added,  carbonic  acid  being  passed  into  the  flask.  The  contents  of  the 
flask  were  now  boiled  for  about  a  minute,  when  complete  reduction  took  place, 
and,  after  cooling,  the  solution  required  22*9  c.c.  iron  alum  (equivalent  to 
21*0  c.c.  titanous  chloride).  The  excess  of  titanous  chloride  added  was  therefore 
21-0  c.c,  and  this«  subtracted  from  60,  gives  290  c.c  titanous  chloride  as  having 
been  used  for  the  reduction.    The  calculation  is  as  follows : — 

1  c.c.  TiCls= 0001845  gm.  Fe 
and  756  gm.  colour  require  by  theory  448  gm.  Fe. 
.    0001845  X  29 x756^o.o^ge         ^1^^^ 

448  *" 

Examd.  Calo. 

And  1  gm.  contains  0-9026  or    90-26°/o        90-88*'/o 
Water  of  cryst     9*68  967 


99*89  100-00 

For  the  determination  of  picric  acid  and  other  nitro  compounds,  it 
is  also  necessary  to  employ  the  indirect  method,  the  end  of  the 
reaction  not  being  perceptible  by  the  direct  method. 
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CABBON  BISULPHIDE  ANB  THIOCABBONATES. 

CS2=76. 

§  88.  For  the  purpose  of  estimating  carbon  disulpliide  in  tlie  air 
of  soils,  gase^,  or  in  tliiocarhonates,  Gas  tine  has  devised  the  following 
process  (Covipt,  Bend,  xcviii.  1588) : — 

The  gas  or  vapour  to  be  tested  is  carefully  dried,  and  then  passed  through  a 
concentrated  solution  of  recently  fused  potassium  hydroxide  in  absolute  alcohol. 
The  presence  of  even  traces  of  water  seriously  diminishes  the  delicacy  of  the 
reaction.  The  alcoholic  solution  is  afterwards  neutralized  with  acetic  acid, 
diluted  with  water,  and  tested  for  xanthic  acid  hy  adding  copper  sulphate. 

In  order  to  determine  the  distribution  of  carbon  disulphide  introduced  into 
the  soil,  260  c.c.  of  the  air  in  the  soil  is  drawn  by  means  of  an  aspirator  through 
sulphuric  acid,  and  then  through  bulbs  containing  the  alcoholic  potash.  For' 
quantitative  determinations,  a  larger  -quantity  of  air  must  be  used,  and  the 
xanthic  acid  formed  is  estimated  by  means  of  the  reaction  SCsHeOSj  + 1^ 
=>2C3ll50Sa  +  2HI.  The  alkaline  solution  is  slightly  acidified  with  acetic  acid, 
mixed  with  excess  of  sodium  bicarbonate,  and  titrated  in  the  usual  way  with  a 
solution  of  iodine,  containing  1*68  gm.  per  liter,  1  c.c.  of  which  is  equiv^ent  to 
1  m.gm.  of  carbon  disulphide. 

To  apply  this  method  to  thiocarbonates,  about  1  gm.  of  the  substance,  together 
with  about  10  c.c.  of  water,  is  introduced  into  a  small  flask  and  decomposed  by  a 
solution  of  zinc  or  copper  sulphate,  the  flask  being  heated  on  a  water-bath,  and 
the  evolved  carbon  disulphide  passed,  first  through  sulphuric  acid  and  then  into 
alcoholic  potash.  In  the  case  of  gaseous  mixtures  of  carbon  disulphide,  nitrogen, 
hydrogen,  sulphide,  carbonic  anhydride,  carbonic  oxide  and  water  vapour  the  j^as 
is  passed  through  a  strong  aqueous  solution  of  potash,  then  into  sulphuric  acid, 
and  finally  into  alcoholic  potash.  The  thiocarbonate  formed  in  the  first  flask  is 
decomposed  by  treatment  with  copper  or  zinc  sulphate  as  above,  and  the  xanthic 
acid  obtained  is  added  to  that  formed  in  the  third  flask,  and  the  whole  titrated 
with  iodine. 

Another  method  available  for  technical  purposes,  such  as  the 
comparative  estimation  of  CS2  in  coal  gas,  or  in  comparing  samples 
of  thiocarbonates,  is  as  follows  : — 

The  liquid  or  other  substance  (containing  the  disulphide  is -added  to  strong 
alcoholic  potash,  or  gas  containing  the  CSj  is  passed  slowly  through  the  alkaline 
absorbent.  The  disulphide  unites  with  the  potassium  ethylate  to  form  potassium 
xanthate.  The  liquid  is  neutralized  with  acetic  acid  and  the  xanthate  is  then 
estimated  by  titrating  with  a  standard  solution  of  cupric  sulphate  (i2'47  gm.  per 
liter),  until  an  excess  of  copper  is  found  by  potassium  ferrocyanide  used  as  an 
external  indicator.    Each  c.c.  of  copper  solution  represents  0'6076  gm.  CSj. 

FOBMALBEHYBE. 

CHaO^aO. 

§  89.  The  general  estimation  of  this  substance  in  the  solutions 
sold  commercially  is  technically  done  by  Legler's  method,  that  is, 
shaking  the  solution  with  a  known  volume  of  standanl  ammonia,  and, 
after  standing  some  time,  to  ascertain  the  amount  of  NH3  unabsorbed, 
by  distillation  and  titration  with  standard  acid.  The  action  is  slow, 
and  according  to  the  experiments  of  L.  F.  Kebler  (Amer,  Joum. 
Pharm,  1898,  432)  a  digestion  of  6  hours  is  necessary  in  order  to  get 
the  full  proportion  of  CH.,0.  Letting  the  admixture  stand  over 
night  is  equally  correct.     The  action  which  takes  place  is  the  for- 
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mation   of   hexamethylene-tctramine.      180   parte   of    formaldehyde 
reacts  with  68  jiarts  of  ammonia. 

Method  of  Pbocedube  :  10  c.c.  of  the  solution  to  be  tested  are  neutralized, 
if  necesflary,  with  ^/loo  soda  and  placed  in  a  flask,  diluted  with  water,  and 
treated  with  an  excess  of  standard  ammonia  solution.  The  excess  is  removed  by 
a  current  of  steam  and  received  in  standard  acid,  the  result  being  calculated  from 
the  following  e<][uation:-6CH,0  +  4NHa=(CH2)eN4  +  6H50,  which  represents 
the  reaction  which  occurs.  A  small  quantity  of  hexamethylene-tetramine  is, 
however,  carried  over  by  the  steam. 

Another  method  which  gives  good  results  is  that  of  Blank  and 
Finkenbeiner  {Berichte  1898,  2979),  and  is  based  on  the  oxidation 
of  formic  aldehyde  into  formic  acid  by  peroxide  of  hydrogen  in 
alkaline  solution,  and  titration  of  the  excess  of  alkali. 

Method  of  Pbocedube  :  3  gm.  of  the  solution  of  formic  aldehyde  under 
examination  (or  1  gm.  in  the  case  of  solid  formic  aldehyde)  are  weighed  out 
carefully  and  placed  in  a  tall  conical  flask  containing  26  c.c.  of  double  normal 
soda  (30  c.c.  when  the  concentration  of  the  formic  aldehyde  is  greater  than  45  per 
cent.).  The  mixture  is  then  immediately  treated  with  50  c.c.  of  peroxide  of 
hydrogen  at  from  2*5  to  3  per  cent,  strength ;  in  the  case  of  the  peroxide  having 
an  acid  reaction,  the  acidity  should  be  determined  and  deducted  from  the  final 
result.  The  peroxide  of  hydrogen  must  be  added  gradually  (taking  about  three 
minutes)  by  means  of  a  funnel ;  after  two  or  three  minutes  the  funnel  is  rinsed 
with  water,  and  the  excess  of  alkali  is  titrated  with  a  double  normal  solution  of 
sulphuric*  acid ;  in  very  exact  analyses  the  water  used  for  rinsing  should  be 
boiled  first  to  drive  off  any  carbonic  acid.     Litmus  is  used  as  an  indicator. 

With  solutions  containing  less  than  30  per  cent,  of  formic  aldehyde  the 
mixture  should  be  allowed  to  stand  for  about  ten  minutes  after  the  addition  of 
the  peroxide  of  hydrogen,  for  the  reaction  to  be  complete. 

The  percentage  contents  of  formic  aldehyde  solutions  is  obtained  directly  by 
multiplying  the  number  of  c.c.  of  soda  employed  in  the  titration  by  2  if  3  gm.  of 
the  solution  were  originally  taken,  or  by  6  if  1  gm.  of  the  solid  formic  aldehyde 
was  taken. 

The  reaction  takes  place  with  the  disengagement  of  a  considerable  amount  of 
heat  and  production  of  froth. 

Experiments  on  other  aldehydes  did  not  give  satisfactory  results. 

A  further  method,  especially  applicable  to  dilute  solutions,  is 
furnished  by  R.  Orchard  {Analyst  xxii.  4).  It  is  based  on  the 
reaction  of  formaldehyde  with  ammoniacal .  silver  solution,  and  in 
this  i)rocess  it  is  arranged  quantitatively,  and  can  be  carried  out 
either  by  weight  or  the  residual  silver  found  volumetrically. 

Method  of  Pbocedube:  In  the  actual  experiments  10  c.c.  of  an  approxi- 
mately 01  per  cent,  solution  of  formaldehyde  were  added  to  25  c.c.  */io  silver 
nitrate,  10  c.c.  of  dilute  ammonia  (1  of  0*88  solution  to  60  of  water)  added,  and 
the  whole  boiled  in  a  conical  flask  attached  to  a  reflux  condenser.  The  precipitate, 
after  filtration  and  washing,  was  ignited  and  weighed  as  metallic  silver,  and 
as  a  check  the  excess  of  silver  was  estimated  in  the  filtrate  as  silver  chloride.  As 
the  first  experiments  showed  that  the  reduction  was  incomplete  after  boiling  for 
half  an  hour,  the  boiling  was  continued  for  four  hours.  In  order  to  ascertain  if 
any  loss  took  place  during  boiling,  a  duplicate  determination  was  made,  in  which 
a  bottle  with  a  tied-down  stopper,  heated  in  a  water-bath,  was  employed.  The 
actual  results  obtained  were  in  the  ^rst  case  0*01038  gm.  formaldehyde,  and  in 
the  second  0*0104  gm.,  consequently  there  was  practically  no  loss. 

In  the  calculation,  as  one  molecule  of  CHjO  reduces  two  molecules  of 
AgaO,  the  weight  of  the  precipitated  silver  multiplied  by  the  factor  0*0694 
gives  the  weight  of  the  formaldehyde,  and  1  c.c.  of  ^/lo  silver  nitrate  corresponds 

B  B 
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to  0*0007496  gm.  formaldehyde ;  it  is  therefore  possible  to  estimate  extremely 
small  quantities  by  this  process. 

A  number  of  experiiuenbs  were  carried  out  on  the  estimation  of 
formaldehyde  by  G.  Romijn  {Z,  a.  C,  1897,  18-24).  The  methods 
of  Legler,  Brochet,  and  Gambler  were  studied,  and  the  results 
obtained  with  them  compared  with  those  given  by  two  new  methods 
described  below.  For  this  purpose  four  aqueous  solutions  were 
prepared  containing  in  500  c.c.  :  (1)  2*075  gm.  of  formalin;  (2) 
2*075  gm.  of  formalin +  1*3  gm.  acetaldehyde ;  (3)  2*075  gm.  of 
formalin +  0*355  gm.  of  acetone;  (4)  2*075  gm.  of  formalin +  1  gm. 
of  benzaldehyde. 

loDOMETHic  Mbtuod. — 10  C.C.  of  the  aldehyde  solution  are  mixed  with  25  c.c. 
of  decinormal  iodine  solution,  and  sodium  hydrate  added  drop  by  drop  until  the 
liquid  becomes  clear  yellow.  After  ten  minutes  hydrochloric  acid  is  added  to 
liberate  the  uncombined  iodine,  which  is  then  titrated  back  with  standard 
thiosulphate.  Two  atoms  of  iodine  are  equivalent  to  1  molecule  of  formaldehyde. 
The  results  obtained  with  the  first  solution  showed  that  the  formalin  used 
contained  (1)  37*38  and  (2)  37*40  per  cent,  of  formaldehyde. 

With  the  second  solution  a  certain  amount  of  iodoform  was  produced,  and  the 
results  were  too  low.  With  the  third  solution  the  acetone  was  entirely  converted 
to  iodoform,  and  in  the  fourth  solution  the  benzaldehyde  was  partially  oxidized. 
Hence  this  method,  though  suitable  for  the  valuation  of  pure  formaldehyde,  does 
not  give  correct  results  in  the  presence  of  other  aldehydes. 

Potassium  Cyanide  Method. — This  is  based  on  the  fact  that  formaldehyde 
combines  iiith  potassium  cyanide.  The  addition  product  reduces  silver  nitrate 
in  the  cold.  But  if  the  silver  nitrate  be  acidified  with  nitric  acid  before  the 
addition  of  the  aldehyde  cyanide  mixture,  no  precipitate  results  if  the  aldehyde 
in  the  latter  be  in  excess.  If,  on  the  other  hand,  the  potassium  cyanide  is  in 
excess,  1  molecule  of  potassium  cyanide  is  left  in  combination  with  1  molecule  of 
the  formaldehyde,  while  the  excess  precipitates  silver  cyanide  from  the  silver 
nitrate  solution. 

10  c.c.  of  decinormal  silver  nitrate,  acidified  with  nitric  acid,  are  mixed  with 
10  c.c.  of  potassium  cyanide  solution  (prepared  by  dissolving  3*1  gm.  of  the 
96  per  c«nt.  salt  in  500  c.c),  the  whole  diluted  to  506  c.c,  filtered,  and  25  c.c.  of 
the  filtrate  titrated  by  Yolhard's  method.  The  difference  between  this  blank 
result  and  that  obtained  by  titrating  the  filtrate  after  the  addition  of  the 
aldehyde  solution  gives  the  amount  of  standard  sulphocyanide  corresponding  to 
the  silver  not  precipitated  by  the  excess  of  potassium  cyanide.  Prom  this  the 
amount  of  formaldehyde  can  be  calculated.  With  solution  1  the  resulto  showed 
37*39  and  37*67  per  cent,  of  formaldehyde  in  the  formalin.  With  solution  2,  if 
the  titration  was  made  immediately  after  shaking,  only  the  formaldehyde  had 
combined,  but  if  left  for  some  time  the  acetaldehyde  also  began  to  combine,  and 
erroneous  results  were  obtained.  Solutions  3  and  4  gave  correct  results,  even 
after  standing  for  30  minutes. 

Hydeoxylamine  Metuod  (Brochet  and  Cambier,  Comp.  Bend,  cxx. 
449). — This  gave  satisfactory  results  with  pure  formaldehyde,  but  quite  irregular 
figures  with  the  other  three  solutions. 

Leo  lee's  Method  (Ber.  xvi.  1335). —The  four  solutions  were  made  more 
concentrated  in  order  to  lessen  the  diflTioulty  of  observing  the  end-reaction.  In 
each  case  the  correct  amount  of  formaldehyde  was  found,  but  the  author  does  not 
consider  the  method  so  accurate  as  the  others. 

Acetaldehyde.— A  method  originally  proposed  by  Reiter  (/.  S. 
C,  I.  ahstr.  1897,  606)  has  been  modified  by  Roqucs  with  good 
result?. 
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Method  of  PROCEorRE :  A  sodium  sulphite  solution  is  made  by  dissolving 
12*6  gm.  of  anhydrous  sodium  sulphite  in  400  c.c.  of  water,  adding  100  c.c.  of 
normal  sulphuric  acid,  diluting  to  1000  c.c.  with  alcohol  of  96^  and  filtering 
after  24  hours.  A  convenient  quantity  of  the  alcoholic  solution  of  aldehyde  to 
be  examined  is  placed  in  a  100  c.c.  stoppered  flask,  mixed  with  50  c.c.  of  the 
sulphite  solution  and  made  up  to  100  c.c.  with  alcohol  of  50^.  A  second  quantity 
of  50  c.c.  of  the  sulphite  solution  is  placed  in  a  similar  flask,  and  made  up  to 
100  c.c.  with  the  same  alcohol.  After  heating  to  50^  C.  at  least  4  hours,  50  c.c. 
are  withdrawn  from  each  flask,  and  the  sulphurous  acid  estimated  by  means  of 
^/lo  iodine  solution ;  the  difiTerence  is  the  quantity  of  sulphurous  acid  that  is  in 
combination  with  the  aldehyde ;   1  c.c.  of  ^/lo  iodine » 0*0022  gm.  of  aldehyde. 

If  the  liquid  to  be  examined  contains  less  than  1  per  cent,  of  aldehyxle  the 
sulphite  solution  must  be  diluted ;  for  0*5  per  cent.,  it  should  be  diluted  with  an 
equal  volume  of  alcohol  of  50^,  and  ^/so  iodine  should  be  used ;  for  0*1  per  cent., 
the  sulphite  should  be  diluted  with  alcohol  of  50°  to  10  times  its  ordinary  volume, 
and  centinormal  iodine  solution  should  be  used. 

A  Volumetrio  Method  for  the  Determination  of  various 
Aldehydes  has  been  devised  by  M.  Hipper.  {Monai»hefte  /. 
Chem.  xxi.  1079.) — The  method  is  based  on  the  combination  of 
alkaline  bisulphites  with  aldehydes.  25  c.c.  of  the  solution  to  be 
examined,  which  should  not  contain  more  than  \  per  cent,  of  the 
aldehyde,  are  run  into  50  c.c.  of  a  solution  of  potassium  bisulphite 
containing  12  gm.  KHSO3  per  liter,  placed  in  a  150  c.c.  flask, 
which  is  then  securely  corked,  and  allowed  to  stand  for  a  quarter  of 
an  hour.  During  this  time  another  50  c.c.  of  the  potassium  bisulphite 
solution  are  titrated  with  ^/lo  iodine  The  excess  of  bisulphite  added 
to  the  aldehyde  solution  is  then  determined  with  the  same  iodine 
solution,  and  from  the  difference  the  amount  of  aldehyde  present  is 
calculated. 


The  amount  of  the  aldehyde  is  obtained  by  the  formula — 

M 

2 


I  X  ??      IxM 


258*06 
126-53 

in  which  A  represents  the  amount  of  aldehyde,  I  the  iodine  corresponding  to  the 
combined  sulphurous  acid,  and  M  the  molecular  weight  of  the  aldehyde  in 
question. 

From  this  the  following  factors  are  obtained : — 

Formaldehyde  =  I  x  01 1827. 
Acetaldehyde  =1x017348. 
Benzaldehyde  =  I  x  0*41788. 
Vanillin  =1x0*59923. 

The  method  is  said  to  3rield  reliable  results  in  all  cases  in  which  the  aldehyde 
is  soluble  in  water,  or  can  be  brought  into  solution  by  the  addition  of  a  little 
alcohol. 

In  the  case  of  the  four  aldehydes  mentioned  aboye,  test  analyses  are  described 
in  detail,  to  show  that  the  results  are  in  close  agreement  with  those  obtained  by 
recognised  reliable  methods. 

Solutions  of  potassium  bisulphite  stronger  than  the  above  should  not  be 
employed,  as  the  larger  quantities  of  hydriodic  acid  formed  would  exert  a 
reducing  action  on  the  sulphuric  acid  formed.  The  use  of  alcohol  to  dissolve  tht* 
aldehyde  should  also  be  avoided  as  far  as  possible,  as  even  relatively  hiiiaU 
quantiti&<*  of  alcohol  (upwards  of  5  per  cent.)  prevent  the  iodide  of  starch 
reaction.  With  the  very  dilute  solutions  of  aldehyde  uschI,  howt»ver,  a  very 
small  addition  of  alcohol  will  be  sufficient  in  most  cases. 

B   13    2 
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GLYCEBIN  (GLYCEBOL). 

CaHgOg  =  92. 

§  90.  Up  to  a  recent  time  no  satisfactory  method  of  determining 
glycerin  had  been  devised,  but  the  problem  has  now  been  solved 
in  a  tolerably  satisfactory  manner.  The  permanganate  method  of 
oxidation  appears  to  have  been  originally  suggested  byWanklyn, 
improved  by  him  and  Fox,  and  further  elaborated  byBenedikt  and 
Zsigmondy  {Chem,  Zeit.  ix.  975).  With  fatty  matters  it  depends 
on  the  saponification  of  the  fat,  and  oxidation  of  the  resultant  glycerin 
by  permanganate  in  alkaline  solution,  with  formation  of  oxalic  acid, 
carbon  dioxide,  and  water,  thus — 

C3H3O3  +  3()2  =  CgHgO^  +  Q(\  +  3H2O. 

Aqueous  solutions  of  glycerin  may  of  course  be  submitted  to  the 
method  very  easily. 

The  excess  of  i)ermanganate  is  destroyed  by  a  sulphite,  the  liquid 
filtered  from  the  manganese  precipitate,  the  oxalic  acid  then  pre- 
cipitated by  a  soluble  calcium  salt  in  acetic  solution,  and  the  precipitated 
calcium  oxalate,  after  ignition  to  convert  it  into  carbonate,  titrated 
with  standard  acid  in  the  usual  way,  or  th(j  oxalic  precipitate  titrated 
with  pennanganate.  The  oxalic  solution  may  be  titrated  direct  after 
addition  of  HgSO^  with  permanganate;  but  Allen  and  Belcher  liave 
found  this  method  faulty,  prol>ably  from  the  formation  of  a  dithionate, 
due  to  the  suli)hite.  On  the  other  hand,  they  have  obtained  very 
satisfactory  results  by  the  alkalimetric  or  the  permanganate  titration, 
(»n  known  weights  of  pure  oxalic  acid  and  glycerin. 

These  operatoi-s  have  also  shown  that,  in  the  case  of  dealing  with 
fats,  where  it  has  ])een  recommended  by  Wanklyn  and  Fox  to  use 
ordinary  alcohol  as  the  solvent,  and  by  Benedikt  methyl  alcohol, 
both  these  media,  especially  ethylic  alcohol,  produce  in  themselves 
a  variable  quantity  of  oxalic  acid  when  treated  with  alkaline  per- 
manganate, and  hence  vitiate  the  process.  Again,  if  it  be  attempted 
to  avoid  this  by  boUing  ofl*  the  alcohols,  there  is  a  danger  of  losing 
glycerin.* 

Allen's  method  with  oils  and  fats  is  as  follows : — 

10  gm.  of  the  fat  or  oil  are  placed  in  a  strong  small  bottle,  together  with  4  gm. 
of  pure  KHO  dissolved  in  25  c.c.  of  water.  A  solid  rubber  stopper  is  then  used 
to  close  the  bottle,  and  tied  down  firmly  with  wire.  It  is  then  placed  in  boiling 
water,  or  in  a  water  oven,  and  heated,  with  o<Maw«ional  shaking,  from  6  to  10  hours, 
or  until  the  contents  are  homogeneous,  and  all  oily  globules  have  disappeared. 
When  saponification  is  complete,  the  bottle  is  emptied  into  a  beaker  and  diluted 
with  hot  water  which  should  give  a  clear  solution,  the  fatty  acids  are  then 
se]»arated  by  dilute  acid,  filtered,  and  the  filtrate  made  up  to  a  given  volume. 

This  solution,  which  will  usually  contain  from  0*2  to  0*5  gm.  of  glvoerol, 
according  to  its  origin,  is  transferred  to  a  porcelain  basin  and  diluted  with  cold 
water  to  about  400  c.c.  From  10  to  12  prm.  of  caustic  potash  should  next  be 
added,  and  then  a  satiurated  aqueous  solution  of  potassium  permanganate  until 

*  In  dealing  with  waxes  or  similar  Inxlies  inclnding  sperm  oil,  potoah  disBolved  in  methjl 
alcohol  must  be  used  for  the  saponification,  as  it  is  almost  impossible  to  do  it  with  aqueoaa 
potash. 


§  .90.  GLYCEROL.  37;^ 

the  liquid  is  no  longer  green  but  blue  or  blackish.  An  excess  does  no  harm. 
The  liquid  is  then  heated  and  boiled  for  about  an  hour,  when  a  strong  solution  of 
sodium  sulphite  should  be  added  to  the  boiling  liquid  until  all  yioTet  or  green 
colour  is  destroyed.  The  liquid  containing  the  precipitated  oxide  of  manganese 
is  then  poured  into  a  500  c.c.  flask,  and  hot  water  add^  to  15  c.c.  above  the  mark, 
the  excess  being  an  allowance  for  the  volume  of  the  precipitate  and  for  the 
increased  measure  of  the  hot  liquid.  The  solution  is  then  passed  through  a  dry 
filter,  and,  when  cool,  400  c.c.  of  the  filtrate  should  be  measured  off,  acidified 
with  acetic  acid,  and  precipitated  with  calcium  chloride.  The  solution  is  kept 
warm  for  three  hours,  or  until  the  deposition  of  the  calcium  oxalate  is  complete, 
and  is  then  filtered,  the  precipitate  being  washed  with  hot  water.  The  precipitate 
consists  mainly  of  calcium  oxalate,  but  is  liable  to  be  contaminated  more  or  less 
with  calcium  sulphate,  silicate,  and  other  impurities,  and  hence  should  not  be 
directly  weighed.  It  may  be  ignited,  and  the  amount  of  oxalate  previously 
present  deduced  from  the  volume  of  normal  acid  neutralized  by  the  residual 
calcium  carbonate,  but  a  preferable  plan  is  to  titrate  the  oxalate  by  standard 
permanganate.  For  this  purpose,  the  filter  should  be  pierced  and  the  precipitate 
rinsed  into  a  porcelain  basin.  The  neck  of  the  funnel  is  then  plugged,  and  the 
filter  filled  with  dilute  sulphuric  acid.  After  standing  for  five  or  ten  minutes 
this  is  allowed  to  run  into  the  ba.<iin  and  the  filter  washed  with  water.  Acid  is 
added  to  the  contents  of  the  basin  in  quantity  sufficient  to  bring  the  total 
amount  used  to  10  c.c.  of  concentrated  acid,  the  liquid  diluted  to  about  200  c.c; 
brought  to  a  temperature  of  about  60°  C,  and  decinormal  permanganate  added 
gradually  till  a  distinct  pink  colouration  remains  after  stirring.  £ach  c.c.  of 
permanganate  used  corresponds  to  0*0045  gm.  of  anhydrous  oxalic  acid,  or  to 
0*0046  gm.  of  glycerin.  Operating  in  the  way  described,  the  volume  of 
permanganate  solution  required  will  generally  range  between  70  and  100  c.c. 

C.  Mangold  (Zett.  /.  angew.  Chem.  1891,  400)  advocates  the 
reduction  of  the  excess  of  permanganate  by  hydrogen  peroxide  in 
preference  to  sodium  sulphite  as  used  by  Allen.  The  author 
simplifies  the  method  by  carrying  out  the  oxidation  in  the  cold. 

Method  of  Pboceduhe:  0*2  to  0*4  gm.  of  glycerin  is  dissolved  in  about 
300  c.c.  of  water,  10  gm.  potassium  hydrate  and  so  much  5  per  cent,  solution  of 
permanganate  is  added,  that  for  each  part  of  glycerin  about  seven  parts  of 
permanganate  are  present.  The  mixture  is  allowed  to  stand  at  ordinary 
temperature  for  half  an  hour.  Hydrogen  peroxide  is  then  added  until  the  liquid 
is  colourless,  then  well  shaken  and  filled  up  to  one  liter ;  500  c.c.  are  filtered  off 
through  a  dry  filter,  boiled  for  half  an  hour  to  destroy  the  excess  of  peroxide, 
allowed  to  cool  to  about  80°  C,  and  after  acidulation  with  dilute  sulphuric  acid, 
the  oxalic  acid  titrated  with  standard  permanganate. 

Otto  Hehner  has  experimented  largely  on  the  estimation  of 
glycerol  in  soap  leys  and  crude  glycerins,  the  results  of  which  are 
given  in  /.  5.  C.  L  viii.  4.  The  volumetric  methods  recommended 
in  preference  to  the  permanganate  are  the  oxidation  with  potassium 
bichromate,  or  the  conversion  of  the  glycerol  into  triacetin. 

The  Bichromate  Method.— One  part  of  glycerol  is  completely 
converted  into  carbonic  acid  by  7*486  parts  of  bichromate  in  the 
presence  of  sulphuric  acid.     The  solutions  required  are  : — 

Standard  potassium  bichromate. — 74*86  gm.  of  pure  potassium 
bichromate  are  dissolved  in  water.  150  c.c.  of  concentrated  sulphuric 
acid  added,  and  when  cold  diluted  to  a  liter.  1  c.c.  -  0*01  gm. 
glycerol. 

A  weaker  solution  is  also  made  by  diluting  100  c.c.  of  the  strong 
solution  to  a  liter* 
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These  solutions  should  be  controlled  by  a  ferrous  solution  of  known 
strength,  if  there  is  any  doubt  about  the  purity  of  the  bichromate. 

Solution  of  double  iron  salt. — 240  gm.  of  ferrous  ammonium 
sulphate  are  dissolved  with  50  c.c.  of  concentrated  sulphuric  acid  to 
a  liter,  and  its  relation  to  the  standard  bichromate  must  be  accurately 
found  from  time  to  time  by  titration  with  the  latter,  using  the 
ferricyanide  indicator  (§  37). 

Method  of  PROCEorRE:  With  concentrated  or  tolerably  pure  samples  of 
glycerin  it  is  only  necessary  to  take  a  small  weighed  portion,  say  0*2  gm.  or  so, 
dilute  moderately,  add  10  or  15  c.c.  of  concentrated  sulphuric  acid  and  30  or  40  c.c. 
of  the  stronger  bichromate,  place  the  beaker  covered  with  a  watch  glass  in  a 
water  bath  and  digest  for  two  hours  ;  the  excess  of  bichromate  is  then  found  by 
titration  with  the  standard  iron  solution.  The  weaker  bichromate  is  useful  in 
completing  the  titration  where  accuracy  is  required.  As  the  stronger  bichromate 
and  the  iron  solution  are  both  concentrated,  they  must  be  used  at  a  temperature 
as  liear  16°  C.  as  possible.  If  the  operation  be  carried  out  on  a  water  bath  and 
kept  at  normal  tem])erature  during  the  operation  no  correction  will  be  necessary. 
In  the  case  of  crude  glycerin  it  must  be  purified  from  chlorine  or  aldehyde 
compounds  as  follows : — About  1*5  gm.  of  the  diluted  sample  is  placed  in  a 
fOO  c.c.  flask,  some  moist  silver  oxide  added,  and  allowed  to  stand  10  minutes. 
Ba^ic  lead  acetate  is  then  added  in  slight  excess,  the  measure  made  up  to  100  cc, 
filtered  through  a  dry  filter,  and  25  c.c.  or  so  digested  with  excess  of  bichromate, 
and  titrated  as  before  described. 

Richardson  and  Jaff^  have  published  a  modification  of  this 
method  for  the  treatment  of  crude  glycerins  {J.  S.  C.  L  1898,  330). 

Method  of  Procedure  :  25  gm.  of  the  samples  are  made  with  water  up  to 
50  cc.  of  solution,  and  of  this  25  c.c.  are  taken,  and  precipitated  with  7  c.c.  of  the 
official  solution  of  basic  acetate  of  lead  (Licjuor  Plumbi  Subacetatis  B.P.).  The 
mixture  is  filtered  through  a  Swedish  filter  into  a  250  c.c.  flaak.  Repeated 
washings  are  made  with  about  150  cc.  of  cold  water.  The  excess  of  lead  (which 
should  be  small)  is  precipitated  by  an  excess  of  dilute  sulphuric  acid.  After 
making  to  the  mark  and  shaking,  the  liquid  is  poured  on  to  a  dry  Swedish  filter, 
20  cc  of  the  filtrate  (representing  2  gm.  of  the  original  sample  of  crude  glycerin) 
are  pipetted  into  a  beaker,  the  mouth  of  which  is  closed  by  a  funnel  with  short 
stem  ;  then  25  c.c.  of  Uehner's  strong  standard  bichromate  solution  are  added; 
finally  25  cc.  of  pure  sulphuric  acid  are  cautiously  mixed  with  the  other  fluids. 
After  20  minutes'  heating  in  a  water-bath,  the  oxidation  is  complete.  After 
cooling,  the  liquid  is  made  to  250  cc.  with  water,  and  this  solution  is  then 
titrated  upon  20  cc.  of  a  solution  containing  2*982  per  cent,  of  the  double 
sulphate  of  iron  and  ammonia,  using  ferricyanide  of  potassium  to  determine  the 
end-reaction  in  the  usual  manner. 

The  portion  of  the  iron  solution  taken  represents  0*01  gm.  of  glycerin ;  there- 
fore, if  A  is  the  number  of  cc.  of  the  bichromate  mixture  required,  and  a?  the 
percentage  of  glycerin  sought,  we  have  the  simple  formula — 

X  =  (0-25-^  X  0-01)  X  500 
A 

(0*25  gm.  is  the  equivalent  of  glycerin  represented  by  the  25  cc  of  bichromate 
used,  containing  74'86  gm.  per  liter). 

In  the  case  of  a  spent  lye  we  take  2'5  gm.  and  dilute  to  50  cc. ;  the  precipitation 
of  chlorides  and  organic  impurities  is  effected  by  the  addition  of  a  slight  excess 
of  the  solution  of  Imsic  lead  acetate,  and  the  operation  proceeds  as  in  the  case  of 
the  crude  glycerin,  with  the  exception  that  the  lead  sulpliate  is  filtered  off  and 
the  filtrate  is  concentrated  to  about  25  cc  before  the  addition  of  the  bichromate 
and  the  sulphuric  acid  is  made. 

The  Acetin  Method.- This   method   is   due  to.  Benedikt  and 
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Cantor  {MtmaWheft  ix.  521),  and  recommends  itself  by  its  simplicity 
and  rapidity  as  compared  with  other  methods.  Hehner  has  pointed 
out  the  precautions  necessary  to  insure  accuracy  as  follows : — 

Method  of  Pbocedube:  About  15  gm.  of  the  crude  glycerin,  accurately 
weighed,  is  placed  in  a  round-bottomed  flask  holding  about  100  c.c,  together  with 
7  gni.  of  acetic  anhydride  and  3  gm.  of  perfectly  anhydrous  sodium  acetate ;  an 
upright  condenser  is  attached  to  the  flask,  and  the  contents  are  heated  to  gentle 
boiling  for  one  hour  and  a  half.  After  cooling,  60  c.c.  of  water  are  added 
through  the  tube  of  the  condenser,  and  the  mixture  heated,  but  not  boiled  until 
all  triacetin  has,  by  shaking,  dissolved.  1  he  solution  is  then  filtered  into  a  large 
flask,  the  residue  or  filter  well  washed,  the  liquid  cooled,  some  phenolphthalem 
added,  and  the  acidity  exactly  neutralized  by  a  dilute  solution  of  caustic  soda; 
whilst  running  in  the  Foda  the  liquid  must  be  shaken  continually  to  cause  equal 
division  of  the  alkali.  The  neutral  point  is  reached  when  the  slightly  yellowish 
^colour  is  just  changed  to  reddish-yellow.  It  must  not  be  pink  or  the  test  is 
'spoiled,  as  the  excess  of  soda  cannot  be  titrated  back  owing  to  any  excess  of  alkali 
saponifying  a  portion  of  the  acetin.  The  triacetin  is  then  saponified  by  adding 
25  c.c  of  an  approximately  10  per  cent,  solution  of  pure  caustic  soda  standardized 
on  normal  sulphuric  or  hydrochloric  acid,  and  boiling  for  10  minutes,  taking  care 
to  attach  a  reflux  condenser  to  the  flask.  The  excess  of  alkali  is  then  titrated  hack 
with  normal  acid,  each  c.c.  of  which  reprej»ent«  0'03067  gm.  of  glycerin. 

It  is  essential  that  the  processes  of  analysis  should  be  rapid  and  continuous, 
and  especially  that  the  free  acetic  acid  in  the  first  process  be  neutralized  very 
cautiously,  and  with  constant  agitation  to  avoid  the  local  action  of  alkali. 

Weak  soap  lyes  should  be  concentrated  to  50  ])er  cent,  of  glycerin 
if  estimated  by  the  acetin  method;  if  not  the  bichromate  method 
must  be  used. 

For  fats  and  soaps  about  3  gm.  should  be  sajMinified  with  alcoholic 
potash,  diluted  with  200  c.c.  of  water,  the  fatty  acids  separated  and 
filtered  off.  The  filtrate  and  washings  are  then  rapidly  boiled  to  one 
half  and  titrated  with  bichromate. 

In  the  case  of  crude  glycerins  the  permanganate  method  is  not  so 
reliable  as  the  acetin  or  bichromate  methods,  owing  probably  to  the 
oxidation  of  foreign  matters  into  oxalates.  Hehner  has  shown  by 
comparative  experiments  with  both  acetin  and  bichromate  methods 
that  the  results  agree  well,  and  the  same  has  been  verified  by 
Lewkowitsch. 

The  latter  authority  has  called  attention  to  the  difficulties  which 
occur  in  examining  crude  lyes  for  glycerol  at  the  present  time  owing 
to  the  very  impure  fats  used  in  soap  making,  etc.  {Analyst  xxviii.  104). 
The  bicliromate  method  is  liable  to  produce  very  high  results.  The 
*  acetin  process  can  only  be  applicable  to  strong  lyes  containing  not  less 
than  about  60  per  cent,  of  glycerol  and  cannot  therefore  be  used  with 
weak  lyes.  The  best  method  is  therefore  to  take,  say,  1000  gm.  or  c.c, 
purify  the  lye  and  concentrate  down  so  as  to  prepare  a  crude  glycerin 
iu  which  the  glycerol  may  be  estimated  by  the  acetin  method. 

INDIGO. 

(Indigotin  CigHi^NjOj.) 

§  91.  The  valuation  of  indigo  for  its  real  dyeing  property  has 
created  for  many  years  past  a  large  number  of  chemical  procesaes,  hut 
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those  which  give  anything  like  reliable  results  seem  to  necessitate  an 
enormous  amount  of  time  and  care,  together  with  very  complicated 
forms  of  apjMiratus,  the  use  of  which,  successfully,  requires  the 
purification  of  the  commercial  material  from  various  accompaniments 
in  order  to  get  satisfactory  results. 

One  of  the  earliest  methods  used  was  the  permanganate  test,  but 
owing  to  the  presence  of  otlier  substances  in  the  natural  product 
which  affected  the  test' as  though  they  were  true  indigotin  it  ceased 
to  command  much  confidence. 

Longer  experience  and  the  discovery  of  methods  for  cleansing  the 
raw  material  have,  however,  overcome  the  former  difficulty  to  a  great 
extent,  and  C.  Raw  son  lias  contributed  to  various  journals  improved 
permanganate  methods  (Joum,  Soc.  Dyers  arul  ColauristSy  1885,  74 ; 
and  J,  S.  C,  I.  1899,  251).  In  the  first  communication  the  oxidation 
of  sulphindigotic  acid  by  permanganate  is  described  as  follows  : — 

Method  of  Procedure  :  To  obtain  a  solution  of  sulphindigotic  acid,  1  gm. 
of  finely-powdered  indigo  is  intimately  mixed  in  a  small  mortar  with  its  own 
weight  of  ^romid  glass.  The  mixture  is  gradually  and  carefully  added  during 
constant  stirring  with  a  glass  rod  to  20  c.c.  of  concentrated  HjS04  (np.  gr. 
1'846)  contained  in  a  cylindrical  porcelain  crucible  (cap.  50  c.c.) ;  the  mortar  is 
rinsed  out  with  a  little  powdered  glass,  which  is  added  to  the  contents  of  the 
crucible,  and  the  whole  is  exposed  in  a  steam-oven  for  a  period  of  one  hour  to  a 
temperature  of  90°  C.  The  sulphindigotic  acid  thus  formed  is  diluted  with  water 
and  made  up  to  a  liter.  The  solution  miu<t  be  filtered,  in  order  to  separate 
certain  insoluble  impurities,  which  otherwise  would  interfere  with  the  subsequent 
operations.  50  c.c.  of  the  clear  solution  are  measured  into  a  porcelain  dish,  to 
which  are  added  250  c.c.  of  distilled  water.  To  this  diluted  liquid  a  solution  of 
potassium  i)ermanganate  (0*5  gm.  per  liter)  is  gradually  run  in  from  a  burette 
until  the  liquid,  which  at  first  takes  a  greenish  tmt,  changes  to  a  light  yellow,  the 
sulphindigotic  acid  being  converted  by  oxidation  into  a  yellow  body  named 
sulphiatic  acid.  It  would  appear  that  indigo-red  acts  upon  permanganate  in  the 
same  way  as  indigotin,  whereas  indigo-brown  is  precipitated  from  its  solution  in 
strong  H2SO4  on  diluting,  and  does  not  affect  the  result ;  but  indigo-gluten  and 
the  mineral  portion  strongly  decolourize  permanganate.  As  indigo-red  cannot  be 
regarded  as  an  impurity,  the  inaccuracy  in  the  analysis  may  be  chiefly  ascribed 
to  the  gluten  and  mineral  impurities.  To  eliminate  this  source  of  error,  the 
author  makes  use  of  the  property  of  sodium  sulphindigotate,  being  almost 
insoluble  in  .solutions  of  common  salt.  The  50  c.c.  of  the  filtered  solution  of 
indigo,  instead  of  l)eiug  directly  titrated  with  permanganate,  are  mixed  in  a 
small  flask  with  50  c.c.  of  water  and  32  gm.  of  common  salt.  The  liquid, 
which  is  almost  saturated  with  the  salt,  is  allowed  to  stand  for  two  hours,  when 
it  is  filtered,  and  the  precipitate  washed  with  about  50  c.c.  of  a  solution  of 
salt  (sp.  gr.  1*2).  The  precipitated  sulphindigotate  of  soda  is  dissolved  in  hot 
water,  the  solution  is  cooled,  mixed  with  1  c.c.  sulphuric  acid  and  diluted  to 
300  c.c.  The  liquid  is  then  titrated  with  potassium  permanganate  as  before. 
A  small  correction  is  necessary,  owing  to  the  slight  solubility  of  the  sodiunr 
sulphindigotate  in  the  salt  solution.  For  005  gm.  of  the  indigo  sample 
0*0008  gm.  must  be  added  to  the  amount  of  indigotin  found. 

In  the  later  contribution,  C.  Raws  on  gives  a  new  method  far 
removal  of  impurities  from  indigo  solutions  previous  to  testing,  which 
answers  well  for  technical  purposes  and  is  described  as  follows : — 

When  commercial  indigo  is  dissolved  in  concentrated  sulphuric  acid  and  the 
liquid  diluted  with  water,  the  colouring  matter  remains  in  solution  as  a 
disulphonic  acid,  and  various  impurities  are  held  in  suspension.  Before  pro- 
ceeding further  with  the  testing  it  is  necessary  to  remove  the  suspended  matter, 
and  this  is  usually  done  by  filtration.    Filter-paper  abstracts  some  of  the  colouring 
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matter,  and  on  this  account  the  first  portions  coming  through  are  rejected  in  the 
same  way  as  in  testing  tannins.  Some  qualities  of  filter-paper  abstract  more 
colouring  matter  than  others,  and  the  rate  of  filtration  also  causes  a  difference. 

Moreover,  some  of  the  su<tpended  impurities  are  in  an  exceedingly  fine  state  of 
division,  and  are  liable  to  pass  through  many  kinds  of  filter-paper,  and  thus  lead 
to  inaccurate  results.  In  order  to  avoid  these  sources  of  error,  a  number  of  tests 
were  made  with  solutions  where  the  impurities  were  allowed  to  subside,  but  it 
was  found  that  with  some  classes  of  indigo,  subsidence  was  not  complete  after 
many  hours.  Various  precipitants  were  then  tried  and  barium  chloride  was 
found  to  give  most  satisfactory  results.  The  proportions  recommended  are 
as  follows : — 

Method  of  Peocbduee  :  0*5  gm.  of  powdered  indigo  mixed  with  glass 
powder  is  digested  with  25  c.c.  pure  concentrated  sulphuric  acid  at  a  temperature 
of  70°  C.  for  an  hour.  When  cold,  the  liquid  is  diluted  with  water,  mixed  with 
10  c.c.  of  a  20  per  cent,  solution  of  barium  chloride  and  made  up  to  500  c.c.  In 
15  to  20  minutes  the  barium  sulphate  formed,  carrying  down  with  it  all  suspended 
impurities,  will  have  settled,  and  the  requisite  amount  of  perfectly  clear  solution 
may  be  withdrawn  by  a  pipette  for  titration.  By  this  means  not  only  are  the 
results  more  concordant,  but  the  solution  is  clearer  than  when  filter-paper  is 
used.  In  fact,  the  results  thus  obtained  are  practically  the  same  as  those  given 
by  "  salting  out."  Tests  made  with  pure  indigotin  show  that  no  colouring  matter 
is  precipitated  by  the  barium  chloride. 

Rawson  lays  special  stress  on  the  importance  of  using  pure 
sulphuric  acid  for  dis-solving  the  indigo.  It  should  not  contain  Ic^s 
than  97  per  cent,  of  HgSO^,  and  should  be  quite  free  from  nitrogt»n 
acids  and  sulphurous  acid. 

With  indigo  containing  more  than  1  or  2  per  cent,  of  indirubin 
(or  red  indigo),  the  ordinary  methods  of  analysis  suitable  for 
estimating  indigotin  are  not  applicable.  Very  good  results  may  be 
obtained  by  a  colorinietric  method.  For  this  purpose  the  following 
is  recommended  : — 

From  O'l  to  0*25  gm.  of  the  finely  powdered  sample  is  boiled  with  about 
150  c.c.  of  ether  for  half  an  hour  in  a  flask  attached  to  an  inverted  condenser. 
When  cold,  the  solution  is  made  up  to  200  c.c.  with  ether  and  mixed  with  10  c.c. 
of  water  in  a  bottle.  Shaking  up  with  a  little  water  causes  the  suspended 
particles  of  indigo  to  settle  immediately,  and  a  clear  solution  of  indirubm  is  at 
once  obtained  without  filtering.  A  measured  quantity  of  the  solution  is  with- 
drawn and  compared  in  a  colorimeter  with  a  standard  solution  of  indirubin. 
The  proportion  of  ether  recommended  may  seem  large,  but  although  pure 
indirubin  is  freely  soluble  in  ether,  it  is  by  no  means  readily  extracted 
from  indigo. 

For  the  estimation  of  indigotin  in  indigo  rich  in  indirubin,  it  is 
advisable  to  boil  up  repeatedly  with  alcohol,  and  collect  on  an  asbestos 
filter. 

Indirubin  may  also  be  conveniently  removed  by  boiling  with  glacial 
acetic  acid,  as  recommended  by  W.  F.  Kopperschaar. 

In  view  of  the  difficulties  attending  the  separation  of  pure  indigotin 
and  indirubin  from  the  other  constituents  of  indigo,  and  the  jwssible 
presence  of  substances  similar  to  the  yellow  body  described,*  ]>erhaps 

*  In  this  second  paper  Ra  wion  deacribee  the  existence  of  a  yellow  compaund  found  in 
Java  indigo,  amoonting  in  some  oases  to  30  per  cent.,  and  the  existence  of  which  interferes 
with  any  of  the  ordinary  technical  processes  of  analysis  used  for  indigo.  It  may  be 
discovered  by  adding  a  solution  of  caustic  soda  or  ammonia  to  the  powdered  indigo 
in  a  white  basin  or  on  filter-paper.  If  present  the  alkali  produces  a  deep  yellow  colour. 
In  oases  where  this  occurs  it  must  be  removed  br  boiling  the  weighed  sample  of  indigo  in 
alcohol  and  the  indigo  collected  on  an  asbestos  filter,  washed  with  alcohol  and  dried  before 
1)eing  oonverted  into  sulphindigotio  acid.  It  must  be  borne  in  mind,  however,  that  the 
boiling  with  alcohol  also  removes  indirubin. 
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the  best  general  commercial  method  of  examination  will  be  found  to 
be  one  based  on  colorimetry.  For  this  purpose,  in  order  that  indigotin 
and  indiriibin  may  be  estimated  at  the  same  time,  a  good  and  delicate 
colorimeter  in  conjunction  with  Lovi bond's  tintometer  is  a  desider-* 
atum.  The  relation  between  the  standard  permanganate  used  and 
indigotin  is  best  established  upon  the  purest  indigotin  obtainable. 

A  much  more  troublesome  method,  but  one  which  is  believed  to 
give  the  most  accurate  results,  is  one  originated  by  Miiller  and 
further  improved  by  Bernsthen  ( Benchie  xiii.  2277).  The  apparatus 
used  is  complicated,  and  is  practically  on  the  same  principle  as  that 
described  for  estimating  oxygen  in  waters  and  figured  here  on 
page  277.  A  somewhat  simpler  arrangement  for  indigo  is  described 
by  B.  W.  Gerland  (J.  S.  C.  L  1896,  15),  it  is,  in  fact,  the  same 
apparatus  as  was  used  by  Tiemann  and  Preuss  for  estimation  of 
oxygen  in  waters  (BericMe  xii.  1768),  but  even  with  this  method 
commercial  indigo  cannot  be  successfully  tested  without  previous 
troublesome  purification,  and  is  therefore  hardly  applicable  to  technical 
examinations. 

OILS,  PATS,  AND  WAXES. 

§  92.  The  examination  of  fatty  matters  by  a  variety  of  physical 
and  chemical  methods,  both  qualitative  and  quantitative,  has  of  late 
assumed  very  considerable  imjwrtance,  in  view  of  furnishing  results 
which  aid  in  determining  the  modifications  of  their  normal  nature  by 
various  circumstances  or  the  character  and  amount  of  adulteration  to 
which  they  are  subject.  It  is  impossible  to  produce  in  this  book  the 
records  in  detail  of  experiments  on  various  fats,  oils  or  waxes,  or  the 
tables  which  give  the  results  obtained,  but  some  of  the  important 
ones  are  given,  and  others  will  be  found  in  various  journals  and  in  an 
excellent  modern  work.* 

The  accepted  modem  details  of  technical  examination  relating  to 
oils,  fats,  and  waxes,  or  their  admixtures,  comprise : — 

The  proportion  of  free  fatty  acids  or  acid  value. 

The  saponification,  orKottstorfer  value. 

The  proportion  of  volatile  fatty  acids,  or  the  Reich ert  value. 

The  percentage  of  insoluble  fatty  acids,  or  the  Hehner  value. 

Tlie  proportion  of  hydroxyacids  or  free  alcohols,  or  the  acetyl  value. 

The  proportion  of  tri-glycerides  or  other  compound  ethers  of  fatty 
acids  present,  or  the  ether  value. 

And  last,  but  not  least,  the  iodine  (or  bromine)  value  for  the 
measurement  of  the  proportion  of  unsaturated  fatty  acids. 

The  methods  required  to  carry  out  the  above  estimations  with  the 
exception  of  fixed  fatty  acids  are  executed  by  volumetric  means. 

The  Acid  Value.— This  is  determined  by  the  number  of 
milligrams  of  potassium  hydrate  (KOH)  required  to  saturate  the 
free  fatty  acids  in  one  gram  of  oil,  fat,  or  wax. 

The  standard  alkali  used  in  this  process  may  be  of  ^/a,  ^/5,  or  ^/lo 

*Lewkowit8ch'8  exhaustiTO  book  entitled  **  Chemical  AnalysiB  of  Oils,  Fata   and 
Waxes,  and  the  Commercial  Products  derived  therel^m  "  (Maomillan  &  Co.). 
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strength,  according  to  the  nature  and  amount  of  fat,  and  may  be 
either  in  aqueous  or  alcoholic  solution,  and  the  indicator  is  preferably 
phenol phthalein.  The  fat  may  be  dissolved  in  pure  alcohol,  methyl 
alcohol,  purified  methylated  spirit,  or  mixtures  of  alcohol  and  ether ; 
but  whatever  solvent  is  used  it  should  be  tested  for  acidity,  and  if 
any  is  present  it  is  best  neutralized  exactly  witli  ^/jq  alkali. 

Liquid  oils,  say  about  10  gm.,  are  weighed  into  a  flask,  and  the 
neutral  solvent,  about  50  c.c,  with  a  few  drops  of  indicator  added. 
The  titration  is  then  made  with  constant  shaking,  taking  care  that  no 
great  excess  of  alkali  is  used  so  as  to  produce  saponification. 

The  first  occurrence  of  pink  colour  is  accej)ted  as  the  end ;  other- 
wise by  standing  a  little  time  the  colour  may  cease,  due  to  saponifica- 
tion of  neutral  ethers.  Solid  fats  or  waxes  should  be  heated  on 
a  water  bath  until  the  solvent  Iwils,  then  at  once  titrated. 

In  some  substances  mere  alcohol  will  not  give  a  clear  solution 
(which  does  not  really  matter),  but  if  a  clear  solution  is  desired, 
a  mixture  of  ether  and  alcohol  may  \ye  used  and  the  titration  made 
with  alcoholic  alkali. 

The  number  of  c.c.  of  standard  potash  used  taken  in  milligrams 
of  KOH  will  give  the  calculation  for  acid  value.  Lewkowitsch 
mentions  that  this  acid  value  is  sometimes  calculated  into  percentage 
of  oleic  acid  (mol.  wt.  282),  in  which  case  the  value  will  be  obtained 
by  multiplying  the  number  of  c.c.  of  ^/lo  alkali  used  by  0*0282, 
dividing  by  the  weight  of  sample  and  multiplying  by  100.  In  other 
cases,  such  as  lubricating  oils,  the  acid  values  is  sometimes  calculated 
as  SO3,  in  which  case  the  factor  will  of  course  be  0*004. 

Kottstorfer  on  the  other  hand  records  the  "degrees  of  acidity" 
by  the  number  of  c.c.  of  ^/j  KOH  required  by  100  gm.  of  tke  fat. 

Kottstorfer' 8  Saponification  Value.— This  indicates  the 
number  of  milligrams  of  KOH  required  for  the  complete  saponification 
of  one  gram  of  fat  or  wax.  Tliis  oj)eration  estimates  the  whole  of 
the  acids  existing  in  the  fat.     The  solutions  required  are  : — 

Standard  hydrocliloric  acid. — Semi-normal  strength,  i.e.,  18*185  gnu 
per  liter. 

Standard  solution  of  caustic  potash  in  alcohol. — This  should  contain 
alx)ut  30  gm.  of  KOH  per  liter.  Methylated  spirit,  previously 
digested  with  permanganate,  a  little  dry  calcium  carbonate  afterwards 
added,  then  distilled,  rejecting  the  first  portions,  may  be  used  in  place 
of  pure  alcohol.  In  any  case  the  strength  should  not  be  less  than 
90  per  cent.,  and  the  solution  should  be  made  from  alcohol,  which 
will  not  give  a  yellow  colour  after  being  boiled  with  very  strong 
solution  of  caustic  potash  and  left  standing  half  an  hour,  as  it 
changes  in  strength,  it  is  not  possible  to  rely  upon  its  being  semi- 
normal,  but  it  should  be  roughly  adjusted  at  about  that  strength  with 
absolutely  accurate  hydrochloric  acid,  and  a  blank  experiment  made 
side  by  side  with  each  titration  of  fat.  It  is  best  kept  in  the  dark. 
The  excess  of  potash  used  in  the  fat  titration  is  thus  expressed  in 
terms  of  ^/2  acid,  and  to  arrive  at  the  j)ercentage  of  potash,  each  c.c. 
is  multiplied  by  0*02805.     The  saponification  equivalent  of  the  fat  or- 
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oil  is  found  by  dividing  the  weight  in  milligrams  of  the  sample  by 
the  number  of  c.c.  of  normal  (not  ^/a)  acid  corresponding  to  the 
alkali  neutralized  by  the  oil.  If  the  percentage  of  potash  is  known, 
the  saponifying  equivalent  may  be  found  by  dividing  this  percentage 
into  5610,  or  5  NaHO  is  the  alkali  used,  into  4000. 

Method  of  Pbocedube  :  From  0*5  to  2  gm.  of  the  fat,  previously  purified 
by  melting  and  filtration,  are  carefully  weighed  into  a  Jena  or  other  good  glass 
flask  fitted  with  vertical  tube.  25  c.c.  of  standard  alcoholic  potash  are  then 
added,  the  mixture  heated  on  the  water-bath  to  gentle  boiling,  with  occasional 
agitation,  until  a  perfectly  clear  solution  is  obtained.  K6ttstorfer  recom- 
mends heating  for  fifteen  minutes ;  but  in  the  case  of  butters  this  is  generally  more 
than  sufficient ;  with  other  fats  twenty  minutes  to  half  an  hour  may  be  required. 
At  the  end  of  the  saponification  the  flasks  are  removed  from  the  bath,  a  definite 
and  not  too  small  a  quantity  of  phenolphthalein  added,  and  the  titration  carried 
out  with  as  little  exposure  to  the  air  as  is  possible. 

The  method  of  calculation  adopted  by  Kottstorfer  is  to  ascertain 
the  number  of  milligrams  of  KHO  required  to  saturate  the  acids 
contained  in  1  gm.  of  fat,  or,  in  other  words,  parts  per  1000.  He 
found  that,  operating  in  this  way,  pure  butters  required  from  221 '5 
to  232 '4  m.gm.  of  KHO  for  1  gm.,  whereas  the  fats  usually  mixed 
with  butter,  such  as  beef,  mutton,  and  pork  fat,  required  a  maximum 
of  197  m.gm.  for  1  gm.,  and  other  oils  and  fats  much  less. 

Practically  this  means  that  the  amount  of  KHO  required  for 
genuine  butters  ranges  from  23*24  to  22*15  per  cent.,  the  latter  being 
the  inferior  limit.  If  caustic  soda  is  used  instead  of  potash,  other 
numbera  must  of  course  be  used. 

The  following  list  shows  the  parts  of  KHO  required  per  1000  of 
fat ;  the  first  four  being  calculated  from  their  known  equivalents,  the 
rest  obtained  experimentally  by  Kottstorfer,  Allen,  Stoddart, 
or  Archbutt : — 


Tripalmitin  - 

- 

208*8 

Linseed 

- 

-    189—195 

Tristearin     - 

. 

1891 

Cotton  Seed  - 

-     191-196 

Triolein 

. 

190*4 

Whale 

- 

-     190—191 

Tributyrin  - 

- 

657*3 

Seal      - 

. 

-     191- 196 

Cocoanut  Oil 

. 

270*0 

Colza  and 

Rape     - 

-     175—179 

Dripping      - 

- 

197*0 

Cod  Oil 

. 

-     182—187 

Lard    -        -        - 

- 

195*6 

Pilchard 

. 

-    186-187 

Horse  Fat    - 

. 

199*4 

Castor 

.        . 

-    176—178 

Lard  Oil      - 

-      191 

—196 

Sperm 
Shark  - 

- 

-    180—134 

Olive  Oil     - 

-      191 

-196 

• 

84*5 

Niger  Oil     - 

-      189 

—191 

A  further  application  of  this  method  may  be  made  in  estimating 
separately  the  amounts  of  alkali  required  for  saturating  the  free 
fatty  acids  and  saponifying  the  neutral  glycerides  or  other  ethers 
of  any  given  sample  of  fat,  oil,  or  wax  (see  Allen,  Organic 
Analysis  ii.  45,  76,  also  Lewkowitsch,  2nd  edit.  p.  153). 

The  Ether  Value.— This  indicates  the  number  of  milligrams  of 
KOH  required  for  the  saponification  of  the  neutral  ethers  in  one 
gram  of  fat  or  wax. 

Where  the  fat  contains  no  free  fatty  acids  the  ether  value  is  the 
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same  as  the  previously  mentioned  saponification  value,  but  as  many 
fats  or  waxes  do  contain  small  quantities  of  free  fatty  acids  the 
saponification  value  includes  both,  and  therefore  the  ether  value  is 
the  difference  between  the  saponification  and  the  acid  value. 

The  Beichert  Value.— This  indicates  the  number  of  cubic 
centimeters  of  ^/j©  KOH  required  for  the  neutralization  of  the 
portion  of  volatile  fatty  acids  obtained  from  2*5  gm.  of  fat  or  wax 
when  distilled  by  the  Reichert  process.  The  Reichert-Meissl 
value  is  that  which  is  estimated  on  5  gm,  of  fat  or  wax.  The  results 
iK'tween  the  2*5  and  5  gin.  methods  do  not  necessarily  agree  exactly, 
and  it  is  of  course  understood  that  the  method  does  not  give  the  exact 
total  amount  of  free  acids,  but  is  at  the  same  time  a  very  excellent 
method  of  obtaining  comparable  numbers  between  a  variety  of 
materials,  and  is  especially  useful  in  discriminating  genuine  from 
adulterated  butter. 

The  description  of  the  process  as  used  for  butter  will  practically 
apply  to  other  fatty  matters. 

BUTTER. 

The    Beiohert's    or    Beichert-Meissl    Method.— This 

method  is  based  on  the  fact,  that  butter  fat  in  a  genuine  state  never 
contains  less  than  4  per  cent,  of  volatile  fatty  acids,  whereas  other  fats 
contain  either  none  at  all  or  very  much  less  than  butter.  The  process 
conai8t«»  in  saponifying  the  fat  to  be  examined  by  an  alkali,  8ej>arating 
the  fixed  acids  by  neutralizing  the  alkali,  and  distilling  off  the 
volatile  acids  (chiefly  butyric  and  caproic)  for  titration  with  standard 
acid.  In  this  and  Kottstorfer's  method,  where  also  alcoholic 
solution  of  caustic  alkali  is  used,  it  is  essential  to  avoid  absorption 
of  C()2  by  long  exposure. 

The  necessary  solutions  are  : — 

1.  Standard  barium  or  {wtassium  hydrate,  ^/i©  strength  is  most 
convenient,  but  any  solution  approximating  to  that  strength  may 
be  used,  and  a  factor  foimd  to  convert  it  to  that  strength  in 
calculating  the  results  of  titration.  It  must  l)e  carefully  preserved 
from  COg  by  any  of  the  usual  arrangements,  and  where  a  constant 
series  of  titrations  are  carried  on,  it  is  best  to  have  a  store  bottle  and 
burette  fitted,  as  shown  p.  12,  fig.  11. 

2.  Phenolphthalein  indicat<^)r,  see  p.  35. 

3.  Alcohol  of  about  90  per  cent,  strength,  and  free  from  acid  or 
aldehyde. 

4.  Solution  of  caustic  soda.  Made  by  dissolving  100  gm.  of 
good  8o<lium  hydrate  in  100  c.c.  of  distilled  water  wliich  has  been 
recently  well  boiled  and  cooled  ;  this  solution  will  not  be  contaminated 
with  COg  to  any  extent,  since  any  Na^COg  which  might  be  formed  is 
(juite  insoluble  in  the  strong  solution ;  it  must  be  allowed  to  stand 
until  quite  clear,  then  poured  off  and  well  j)reserved.  Or  better  than 
this,  about  2  gm.  of  solid  stick  potash  or  soda  may  be  added  with 
50  c.c.  of  alcohol  to  5  gm.  of  butter  when  commencing  saponification. 
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5.  Sulphuric  acid  for  separating  the  fatty  acids,  is  made  by 
diluting  25  c.c.  of  strongest  HgSO^  to  a  liter  with  water. 

6.  The  apparatus  for  digestion  and  distillation  are  shown  in 
fig.  56,  the  same  Erlenmeyer  flask  being  used  for  the  digestion  and 
for  the  distillation.  The  distilled  liquid  drops  into  a  small  funnel 
containing  a  small  porous  filter  for  separating  any  scum  which  ma}' 
pass  over  with  the  distillate ;  the  receiver  holding  the  funnel  is 
marked  at  50  c.c.  and  100  c.c,  so  as  to  be  available  for  either  2*5  gm. 
or  5  gm.  of  butter  fat. 


Pig.  56. 

The  following  method  of  manipulation  as  drawn  up  )>y  the 
Association  of  Official  Agricultural  Chemists,  U.S.A.,  is  recommended 
as  being  all  tliat  is  required  to  ensure  accuracy,  and  applies  to  the 
treatment  of  approximately  5  gm.  of  fat  for  each  operation.  Many 
operators  prefer  to  take  about  half  that  quantity,  which  saves  time, 
and  need  not  be  any  the  less  accurate. 

Process,  Weighing  the  Pat  :  The  butter  or  fat  to  be  examined  should  be 
melted  and  kept  in  a  dry,  warm  place  at  about  60°  C.  for  two  or  three  hours 
until  the  moisture  and  curd  have  entirely  settled  out.  The  clean  supernatant 
fat  is  poured  off  and  filtered  through  a  dry  filter-paper  in  a  jacketed  filter 
containing  boiling  water,  to  remove  all  foreign  matter  and  any  traces  of  moisture. 
Should  the  filtered  fat  in  a  fused  state  not  be  perfectly  clear  the  treatment  above 
mentioned  must  be  repeated. 

The  saponification  flasks  are  prepared  by  having  them  thoroughly  washed  with 
water,  alcohol,  and  ether,  wiped  i>erfectly  dry  on  the  outside,  and  heated  for  one 
hour  to  KW  C.  The  flasks  should  then  be  placed  in  a  tray  by  the  side  of  the 
balance  and  covered  with  a  silk  handkerchief  until  they  are  perfectly  cool.  They 
must  not  be  wiped  with  a  silk  handkerchief  within  fifteen  or  twenty  minutes  of 
the  time  they  are  weighed.  The  weight  of  each  flask  is  determined  accurately, 
using  a  flask  for  a  counterbalance  or  not,  as  may  be  convenient.  The  weight  of 
the  flasks  having  been  accurately  determined  they  are  charged  with  the  melted 
fat  in  the  following  wav  : — 

A  pipette  with  a  long  stem  marked  to  deliver  5*75  c.c.  is  warmed  to  a 
temperature  of  about  50^  u.  The  fat  having  been  poured  back  and  forth  once  or 
twice  into  a  dry  beaker  in  order  to  thoroughly  mix  it,  it  is  taken  up  in  the 
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pipette,  the  noszle  of  the  pipette  carried  to  near  the  bottom  of  the  flask,  it  haying 
been  previously  wiped  to  remove  any  adhering  fat.  The  6*75  c.o.  of  fat  are 
allow^  to  flow  into  the  flask  and  the  pipette  is  removed.  After  the  flasks  have 
been  charged  in  this  way  they  should  be  re-covered  with  the  silk  handkerchief 
and  allowed  to  stand  fifteen  or  twenty  minutes,  when  they  are  again  weighed  to 
ascertain  the  exact  amount  of  fat. 

The  Saponification  :  10  c.c.  of  90  per  cent,  alcohol  are  added  to  the  fat  in 
the  flask,  2  c.c  of  the  concentrated  soda  solution  or  2  gm.  of  solid  alkali  are 
added,  a  soft  cork  stopper  inserted  in  the  flask  and  tied  down  with  a  piece  of 
twine.  The  saponification  is  then  completed  by  placing  the  flasks  upon  the  water 
or  steam  bath.  The  flasks  during  the  saponification,  which  should  last  for  one 
hour,  should  be  gently  rotated  from  time  to  time,  being  careful  not  to  project 
the  soap  for  any  distance  up  the  sides  of  the  fla^k.  At  the  end  of  an  hour  the 
flasks,  after  having  been  cooled  to  near  the  room  temperature,  are  opened.  If 
solid  alkali  is  used  instead  of  aqueous  solution,  alcohol  of  75  or  80  per  cont.  in 
larger  quantity  may  be  used. 

Removal  op  the  Alcohol  :  The  stoppers  having  been  laid  loosely  in  the 
mouth  of  the  flasks,  the  alcohol  is  removed  by  dipping  the  flasks  into  a  steam 
bath.  The  steam  should  cover  the  whole  of  the  flask  except  the  neck.  After  the 
alcohol  is  nearly  removed,  frothing  may  be  noticed  in  the  soap,  and  to  avoid  any 
loss  from  this  cause,  or  any  creeping  of  the  soap  up  the  sides  of  the  flask,  it 
should  be  taken  from  the  bath  and  sliaken  to  and  fro  until  the  frothing 
disappears.  The  Ust  traces  of  alcohol  vapour  may  be  removed  from  the  flask  by 
wiving  it  briskl}',  mouth  down,  to  and  fro.  Complete  removal  of  the  alcohol 
with  the  precautions  above  noted  should  take  about  forty-five  minutes. 

Dissolving  the  Soap  :  After  the  removal  of  the  alcohol  the  soap  should  be 
dissolved  by  adding  100  c.c.  of  recently  boiled  distilled  water,  and  warmed  on  the 
steam  bath  with  occasional  shaking  until  the  soap  is  completely  dissolved. 

Settino  Free  the  Fatty  Acids  :  When  the  soap  solution  has  cooled  to 
about  00°  or  70°  C,  the  fatty  aoids  are  separated  by  adding  40  c.c.  of  the  dilute 
sulphuric  acid  mentioned  above. 

Melting  the  Fattt  Acids  :  The  flasks  should  now  b3  re-stoppered  as  in 
the  first  instance,  and  the  fatty  acids  melted  by  replacing  the  flasks  on  the  steam 
bath.  According  to  the  niture  of  the  fat  examined  the  time  required  for  the 
fusion  of  the  fatty  acids  may  vary  from  a  few  minutes  to  hourt*. 

The  Distillation  :  After  the  fatty  acids  are  completely  melted,  which  can 
be  determined  by  their  forming  a  transparent  oily  layer  on  the  surface  of  the 
water,  the  flasks  are  cooled  to  room  temperature  and  a  few  pieces  of  pumice  stone 
added.  The  pumice  stone  is  prepared  by  throwing  it,  at  white  heat,  into  distilled 
water,  and  keeping  it  under  water  until  used.  The  flask  is  now  connected  with 
the  condenser,  slowly  heated  with  a  naked  flame  until  ebullition  begins,  and  then 
the  distillation  continued  by  regulating  the  flame  in  such  a  way  las  to  collect 
100  c.c.  of  the  distillate  in  as  nearly  as  possible  thirty  minutes. 

Some  operators  distil  110  c.c.  from  5  gm.  of  butter  into  an  ordinary 
measuring  flask,  then  filter  and  use  100  c.c  for  titration,  the  number 
of  c.c.  of  alkali  used  is  multiplied  by  1*1  which  gives  the  Reichert- 
Meissl  value. 

The  above  methods  of  preparation  are  somewliat  tedious,  but 
experienced  operators  will  find  methods  of  workinjjj  so  as  to  occupy 
less  time  without  loss  of  accuracy. 

Titration  op  the  Volatile  Acids  :  The  100  c.c.  of  the  filtered  distillate 
are  poured  into  a  beaker  holding  from  200-250  c.c,  0*5  c.c.  of  phenolphthalein 
solution  aided,  and  decinormal  barium  or  potassium  hydrate  run  in  until  a  red 
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colour  is  produced.  The  contents  of  the  beaker  are  then  returned  to  the 
measuring  flask  to  remove  any  acid  remaining  therein,  poured  again  into  the 
beaker,  and  the  titration  continued  until  the  red  colour  produced  remains 
apparently  unchanged  for  two  or  three  minutes. 

Where  the  greatest  accuracy  is  required  it  is  best  to  carry  out 
side  by  side  a  blank  experiment  with  the  same  amoimts  of  alcohol, 
alkali,  etc. 

It  must  be  borne  in  mind  that  this  method  is  not  one  of  strict 
chemical  accuracy,  but  the  experience  of  the  author  and  a  host  of 
other  very  competent  operators  clearly  show,  that  the  distillate  from 
5  gm.  of  genuine  normal  butter  fat  produced  in  districts  of  medium 
temperature,  when  carried  out  as  described,  should  require  not  less 
than  24  c.c.  of  ^/^q  alkali  to  neutralize  the  volatile  acids  present. 
It  is  true  that  butters  known  to  be  genuine  have  occasionally  been 
found  to  give  lower  figures  from  some  unexplained  causes,  one  of 
which  seems  to  be  due  to  milk  taken  from  cows  towards  the  end  of 
their  period  of  lactation.  The  figure  may  also  rise  to  32  or  33  c.c.  of 
alkali.  This  is  often  the  case  with  butters  produced  in  warmer 
climates  than  Great  Britain.  The  general  average  for  butters  taken 
from  the  mixed  milk  of  a  number  of  cows  will  be  between  27  and 
28  c.c,  whereas  margarine  will  rarely  require  more  than  0*5  c.c,  beef 
fat  and  lard  about  the  same,  while  cocoa-nut  fat,  which  gives  the 
liighest  figures,  requires  about  7  c.c. 

It  may  therefore  be  concluded  that  any  sample  of  butter  fat  which 
requires  less  than  24  c.c  of  ^/jq  alkali  must  be  looked  upon  with 
suspicion. 

The  minimum  value  adopted  in  Great  Britain,  France,  and 
Germany,  is  24 ;  Sweden,  23 ;  and  Italy,  20. 

The  Acetyl  Value. — This  indicates  the  number  of  milligrams  of 
KOH  required  for  the  neutralization  of  the  acetic  acid  obtained  on 
saponifying  1  gm.  of  the  acetylated  oil  or  fat.  This  treatment  of  fats 
was  introduced  by  Benedikt,  and  a  process  by  himself  and  Ulzer  for 
acetylation  and  estimation  was  arranged ;  but  as  the  results  were  not 
consistent  with  modern  ideas,  Lewkowitsch  modified  the  method  as 
shown  by  his  paper  on  the  subject  (/.  S.  C.  L  1897,  503),  and 
proposed  to  determine  the  true  acetyl  value  by  actually  titrating  the 
amount  of  acetic  acid  assimilated  by  the  hydroxylated  acid  in  the 
form  of  acetyl  C2H3O  and  given  up  on  saponification  as  acetic  acid  to 
the  standard  alkali. 

The  method  is  as  follows  : — 

Method  of  Procedure  :  10  gm.  of  an  oil  or  fat  (or  any  other  convenient 
number  of  gm )  are  boiled  with  an  equal  volume  of  acetic  anhydride  for  two 
hours  in  a  round-bottomed  flask  attached  to  an  inverted  condenser.  The  mixture 
is  then  transferred  to  a  large  beaker,  mixed  with  several  hundred  c.c.  of  water 
and  boiled  for  half  an  hour.  A  slow  current  of  carbonic  dioxide  is  conveniently 
passed  into  the  liquor  through  a  finely  drawn  out  tube  reaching  nearly  to  the 
bottom  of  the  beaker ;  this  is  done  to  prevent  bumping.  The  mixture  is  then 
allowed  to  separate  into  two  layers,  the  water  is  syphoned  off  and  the  oily  layer 
again  boiled  out  in  the  same  manner  until  the  last  trace  of  acetic  acid  is 
removed.    This  is  ascertained  by  testing  with  litmus  paper.    The  acetylated 
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product  is  then  freed  from  water  and  finally  filtered  through  filter-ijaper  in  a 
drying  oven. 

This  operation  niay  be  carried  out  quantitatively,  and  in  that  case  the  watching 
is  Ijest.done  on  a  weighed  filter.  On  weighing  the  acetylated  oil  or  fat,  an 
increase  of  weight  would  prove  that  assimilation  of  acetyl  groups  has  taken 
place.  This  method  may  be  found  useful  to  ascertain  preliminarily  whether  a 
notable  amount  of  hydroxy lated  acids  is  present  in  the  sample  under 
examination. 

2  to  4  gm.  of  the  acetylated  substance  are  then  saponified  by  means  of 
alcoholic  potash  solution  as  in  the  well-known  determination  of  the  sai)onification 
value.  If  the  "  distil lal ion  process  "  be  adopted  it  is  not  necessary  to  work  with 
an  accurately  measured  quantity  of  standardized  alcoholic  potash.  In  case  the 
*' filtration  process "  be  ased,  the  alcoholic  potash  must  be  measured  exactly. 
(It  is,  however,  advisable  to  employ  in  either  case  a  known  volume  of  standard 
alkali,  as  one  is  then  enabled  to  determine  the  saponification  value  of  the 
acetylated  oil  or  fat).  Next  the  alcohol  is  evaporated  and  the  soap  dissolved  in 
water.  From  this  stage  the  determination  is  carried  out  either  by  (a)  the 
"  distillation  process  "  or  {b)  "  filtration  process." 

(a)  Distillation  Process. — Add  dilute  sulphuric  acid  (1  :  10)  more  than 
to  saturate  the  potash  used,  and  distil  the  liquid  as  is  usual  in  Reich ert's 
distillation  process.  Since  a  krge  quantity  of  water  mast  be  distilled  off,  either 
a  current  of  steam  is  blown  through  the  8usi>ended  fatty  acids  or  water  is  run 
into  the  distilling  flask,  from  time  to  time,  through  a  stoppered  funnel  fixed  in 
the  cork,  or  any  other  convenient  device  is  adopted.  It  will  be  found  quite 
surticient  to  distil  over  500  to  700  c.c,  as  the  last  100  c.c.  practically  contain  no 
acid.  Then  filter  the  distillates  to  remove  any  insoluble  acids  carried  over  by  the 
steam,  and  titrate  the  filtrate  with  ''/lo  ix)tash,  phenolplithalein  being  the 
indicator.  Multiply  the  number  of  c.c.  by  501,  and  divide  the  product  by  the 
weight  of  substance  taken.     This  gives  the  acetifl  value. 

{b)  FiLTUATiON  PttOCESS.  —  Add  to  the  soap  solution  a  quantity  of 
standardized  sulphuric  acid  exactly  corresponding  to  the  amount  of  alcoholic 
potash  employed,  and  warm  gently,  when  the  fatty  acids  will  readily  collect  on 
the  top  as  an  oily  layer.  (If  the  saponification  value  has  been  determined,  it  is, 
of  course,  necessary  to  take  into  account  the  volume  of  acid  used  for  titrating 
back  the  excess  of  jK)tasli.)  Filter  off  the  liberated  fatty  acids,  wash  with  boiling 
water  until  the  washings  are  no  longer  acid,  and  titrate  the  filtrate  with  ^/lo 
potash,  using  phenol phtlialein  as  indicator.  The  acetyl  value  is  calculated  in 
the  manner  shown  above. 

Hoth  methods  give  identiail  results,  but  (h)  will  be  found  shorter  and  more 
convenient  than  {a). 

The  meaning  of  the  acetyl  value  in  fats  is  further  explained  in 
a  lengthy  paper  by  Lewkowitsch  {Analyst  xxiv.  319 — 328)  contain- 
ing tables  giving  results  with  a  variety  of  oils,  fats,  and  waxes,  to 
which  the  eiuiuirer  must  be  referred.  A  slight  modification  in  the 
above  })rocesses  is  also  given  as  follows  : — 

The  weight  of  the  acetylated  product  required  for  the  determination  of  the 
acetyl  value  should  preferably  be  increased  to  about  5  gm.,  as  for  this  (piantity 
1  c.c.  of  ^/lo  KOU  corresponds  with  about  1  unit  in  acetyl  value. 

The  distilled  water  used  in  determining  the  value  by  either  the  distillation  or 
filtration  process  should  be  carefully  freed  from  COo  by  previous  boiling,  as 
otherwise  serious  errors  may  be  made.  Even  the  water  used  for  generating 
steam  in  the  distillation  process  should  be  brought  to  violent  ebullition  before 
the  steam  is  passed  into  the  distilling  flask.  This  source  of  error  may  easily 
occur  in  the  case  of  very  hard  water.  Check  experiments  with  pure  acetic  acid 
will  readily  guide  the  oi>erator,  if  necessary.  In  order  to  facilitate  the  separation 
of  the  insoluble  fatty  acids  in  the  filtration  process,  it  will  be  found  useful  to 
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add  a  slight  excess  of  miueral  acid.  Of  course  this  amount  must  be  measured 
accurately,  and  deducted  from  the  alkali  required  for  determining  the  dissolYed 
acids. 

The  Bromine  Value.— This  indicates  the  percentage  of  bromine 
absorbed  by  fats  or  waxes.  The  best  method  of  carrying  out  this 
examination  is  that  of  Mills  and  Snodgrass.  The  idea  of  using 
bromine  is  by  no  means  new.  Cailletet  in  1857  adopted  such 
a  method;  but  the  difficulty  then,  and  up  to  the  time  when  the 
task  was  undertaken  by  the  operators  mentioned,  was  the  accurate 
measurement  of  the  excess  of  bromine  used,  and  the  adaptation  of 
such  a  solvent  for  both  the  fats  and  the  bromine  as  would  exclude 
the  presence  of  water,  and  the  tendency  to  form  substitution  products 
of  variable  and  unknown  character  in  preference  to  merely  additive 
products. 

Our  knowledge  of  the  exact  composition  of  the  great  family  of 
fats  and  oils  is  even  at  present  limited,  and  it  is  not  possible  to  make 
this  reaction  possess  any  strict  chemical  valency ;  but  experiment  has 
shown  that  there  are  certain  well-defined  fats  which  absorb  within 
a  very  narrow  limit  the  same  amount  of  the  halogen  under  the  same 
conditions,  and  hence  the  method  may  be  made  highly  su^estive  as 
to  mixtures  of  various  fats  whose  absorption  powers  have  been 
observed. 

In  the  first  instance  the  common  solvent  used  for  the  fat  and  the 
bromine  was  carbon  disulphide ;  but  although  very  good  results  were 
obtained,  compared  with  solvents  previously  tried  by  other  operators, 
there  were  the  drawbacks  of  its  ofi*ensive  smell,  and  the  solutions  of 
bromine  in  it  did  not  possess  much  stability.  Finally,  !Mills  adopted 
carbon  tetrachloride  as  the  medium  with  the  happiest  effects ;  and  it 
was  found  that  the  bromide  solution  could  be  preserved  for  at  least 
three  months  without  diminution  of  standard.  On  the  other  hand, 
by  using  this  medium,  there  is  the  necessity  of  working  with  greater 
delicacy,  since  the  presence  of  the  merest  trace  of  water*  has  more 
effect  in  producing  substitution  compounds  than  in  the  case  of  the 
disulphide.  The  accurate  estimation  of  the  excess  of  bromine,  after 
the  absorption  is  complete,  is  necessarily  a  matter  of  great  importance; 
and  this  can  be  done  either  by  comparison  of  colour  with  bromine 
solution  of  known  strength  (the  least  effective  method) ;  or  by  titration 
witli  thiosulphate,  using  starch  and  potassium  iodide  as  the  indicator, 
which  is  better.  But,  best  of  all,  the  operators  after  long  research 
found  that  by  using  /3  naphthol  (a  substance  which  is  readily  and 
cheaply  obtainable,  and  which  forms  in  the  presence  of  carbon 
tetrachloride  a  mono-bromo  derivative),  they  could  construct  a  solution 
of  corresponding  strength  to  the  standard  bromine,  and  thus  titrate 
back  in  the  same  way  as  is  commonly  practised  in  alkalimetry.  Very 
fair  results  were  obtained  colorimetrically  by  adopting  the  device  of 
interposing  a  stratum  of  potassium  chromate  solution,  so  as  to 
neutralize  the  yeUow  colour  produced  with  some  of  the  fish  oils,  and 
wliich  tended  to  mask  the  red  colour  of  the  bromine.     Experiments 

*Lewkowit8ch  states  that  the  foimtition  of  hydro-Lromic  acid  is  not  due  to  moiBture, 
but  to  the  substitutiou  of  hydrogen  in  the  molecule  of  the  fatty  substance. 
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showed  that,  using  a  bromme  solution  having  a  mean  standard  of 
0*00644  gm.  per  c.c,  the  average  probable  error  per  cent,  in  a  single 
result,  when  adopting  the  colour  method  or  the  thiosulphate  and 
iodine  was  0*62,  whereas  with  /J  naphthol  it  was  reduced  to  0*46. 
But  it  is  hardly  necessary  to  say  that,  using  such  a  small  portion 
of  material  as  is  absolutely  necessary  in  order  to  avoid  secondary 
results,  considerable  care  and  practice  are  required.  The  sample  of 
oil  or  fat  must  be  dried  as  completely  as  possible,  by  heating  and 
subsequent  filtering  through  dry  scraps  of  bibulous  paper,  or  through 
dry  double  filters,  before  being  weighed. 

Method  of  Pbocedubr  :  01  to  0*2  gm.  of  the  fat  is  dissolved  in  50  c.c.  of 
the  tetrachloride  and  standard  bromine  added,  until  at  the  end  of  15  minutes 
there  Ls  a  permanent  red  colour.  If  the  oolorimetric  method  is  used  50  c.c.  of 
tetrachloride  are  tinted  with  standard  bromine  to  correspond.  If  the  iodine 
re-action,  the  solution  of  brominated  material  is  added  to  potassium  iodide  and 
starch,  and  ^/lo  sodium  thiosulphate  delivered  in  from  a  burette  till  the  colour 
is  dischar^!^.  If,  on  the  other  hand,  the  standard  naphthol  solution  is  used,  it  is 
also  cautiously  added  from  a  burette  until  the  colour  is  removed.  It  is 
imperative  that  the  operations  in  all  cases  be  carried  on  out  of  direct  sunlight. 
If  the  operator  is  unable  to  use  carbon  tetrachloride,  the  disulphide  may  be  used ; 
but  the  solution  of  bromine  in  this  medium  is  less  stable,  and  must  be  checked 
more  frequently.  Somewhat  lar^r  portions  of  oil  or  fat  may  however  be  used 
for  the  analysis. 

The  following  table  gives  some  few  of  the  results  obtained  by 
Mills  and  Snodgrass. 

Absorption  per  oent. 


OIThS. 

PATS. 
Beef          -        -  36*01 

WAXES. 

1 

Beeswax    - 

Almond  (from 

0*00 

bitter    fruit)  26*27 

Butter  (fresh)    -  27*93 

Camauba  - 

33*60 

Do.  (from  sweet)  63*74 

I)o.  (commercial)    25*0 

Japan  (1)  - 

2*83 

Cod  -        -        -  a300 

Butterine  Scotch  36*82 

Do.      (2)  - 

1-68 

Nut  -        -        -  30*24 

Do.  (French)     -  3971 

Myrtle      - 

6*84 

Ling  Liver        -  82*44 

Cocoanut  -        -    5*70 

Mustanl    -        -  46*15 

Vaseline    -        -    5*55 

Neat8foot  -        -  38*33 

Stearic  Acid       -    0*00 

Olive         -        -  60*61 

Tiard          -        -  37*29 

Palm         -        -  35*00 

Seal  -        -        .  57*34 

Whale       -        -  30*92 

Linseed     -        -  76*09 

• 

Mineral  Oil       -  30*31 

Shale  Oil          ) 

according  to  ^  22  to  V2 

sp.  gr.           ) 

Aniline      -        -  169*8 

Turpentine  (dry)  236*0 

This  method  has  now  l)e(*ii  practically  superseded  by  the  Ifubl 
iodine  method.  A  process  for  determining  "  the  bromine  addition  " 
and  "the  bromine  substitution "  has  l)een  recorded  l)y  McTlhiney 
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(/.  C.  S.  I.  1894,  668).      A  further  eommiuiication   on   the   same 
subject  is  given  by  him  (/.  Am.  C,  S.  1899,  1084). 

The  Iodine  Value,— Tliis  indicates  the  percentage  absorption  as 
in  the  case  of  bromine.  The  method  by  which  tliis  process  is 
accomplished  was  originated  by  Hubl  {Dinyler's  Polyt,  Jouni.  1884, 
281),  and  has  been  largely  adopted  l)oth  in  the  original  form  and  also 
in  a  very  acceptable  improvement  by  J.  A.  A.  Wijs. 

The  process  lias  been  examined  and  used  by  such  a  number  of 
operators  that  it  is  impossible  to  quote  them,  but  the  unanimous 
opinion  is  that  it  is  one  of  the  most  valuable  methods  for  the 
technical  examination  of  fatty  matters,  although  at  the  same  time 
there  has  l)een  considerable  difference  of  opinion  as  to  the  chemical 
changes  which  occur  in  carrying  out  the  process.  One  of  the  draw- 
backs to  the  original  solution  proposed  by  Ilubl  is  its  instability  of 
iodine  strength  against  thiosul})hate  due  to  keeping,  thus  necessitating 
a  blank  titration  with  every  fat  analysis.  This  does  not  affect  the 
reliability  of  the  method  when  the  })roper  means  are  taken  to  carry  it 
out,  such  as  ensuring  an  excess  of  iodine  of  not  less  than  30  per  cent., 
and  working  the  process  exactly  under  the  same  conditions.  As  to 
the  duration  of  time  in  which  the  iodine  should  be  allowed  to  act  on 
any  given  fat,  it  is  now  generally  accepted  that  the  action  should 
continue  from  4  to  6  hours,  and  not  much  more.  The  original 
solutions  as  designed  by  Hubl  are  as  follows  : — 

Standard  iodine  solution. — This  is  made  by  dissolving  respectively 
5  gm.  of  iodine  and  6  gni.  of  mercuric  chloride,  each  as  pure  as 
possible,  in  separate  portions  of  95^/^  alcohol,  of  100  c.v..  each,  then 
mixing  the  two  licjuids,  and  allowing  to  stand  for  12  to  24  hours 
before  taking  the  standard  with  thiosul})hate  and  starch.  This 
solution  must  always  be  standardized  l)efore  use,  and  it  is  advisable 
not  to  mix  a  large  quantity  unl(?ss  it  can  be  consumed  at  once. 

Standard  sodium  thiosidphate,  as  on  page  133.  Its  absolute 
strength  as  regards  pure  iodine  must  be  known. 

Chloroform. — This  should  l)e  pure  and  should  stand  the  test  of 
mixing  it  with  a  like  measured  volume  of  the  iodine  solution,  then 
titrating  with  standard  thiosulphate ;  the  results  should  l)e  the  same 
as  with  the  iodine  alone. 

Potassium  iodide  solution  of  10  per  cent,  strength  in  distilled 
water,  starch  indicator.     This  shouM  be  freshly  made  and  clear. 

Method  of  PfiocEDrRE  :  From  015  to  02  gm.  of  a  drying  or  fish  oil, 
0*3  to  0"5  gm.  of  non-drying  oil,  or  07  to  1  gm.  of  solid  fat  is  dissolved  in  10  c.c. 
of  chloroform  in  a  well-stopjiered  wide-mouthed  bottle,  and  25  to  50  c.c.  of  the 
iodine  solution  added,  accordin-.^  to  the  weight  of  fat.  After  not  less  than  four 
hours'  digestion  tlie  mixture  should  possess  a  dark  brown  tint  ;  under  any 
circumstances  it  is  necessary  to  have  a  considerable  excess  of  iodine  (at  least- 
double  the  amount  absorbed  ought  to  be  preseat),  and  the  digestion  should  be 
from  four  to  six  hours.  At  the  end  of  that  time  the  liquid  is  transferred  to  a 
beaker,  the  bottle  rins<.Ki  out  with  some  solution  of  potassium  iodide,  the  rinsings 
ad«ied  to  the  beaker,  then  15  or  20  c.c.  more  of  the  iodide  solution  added  until  fll 
free  iodine  is  dissolved,  the  whole  is  then  diluted  with  300  to  500  c.c.  of  water, 
and  thiosulphate  delivered  in  with  constant  stirring  till  the  colour  is  nearly 
discharged.    Starch  is  then  added,  and  the  titration  finished  in  the  usual  way. 
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If  after  staudiiiK,  say  two  hours,  the  amount  of  iodine  is  insufficient,  it  is  best 
to  make  a  fresh  experiment  with  either  loss  fat  or  more  iodine. 

The  iiunil)ers  olitained  by  IIul)!  for  various  oils  and  faUs  are  given 
in  J,  S.  (?.  /.  iii.  G42. 

A  l>lank  experiniont  should  in  every  case  Ikj  made  side  by  side  with 
the  sample,  using  tlie  same  proi)ortion8  of  cldoroform  and  iodine 
Bolution.  ,i  •  *^*J'       ' 

The  valuable  improvement  made  by  AVijs  produces  an  iodine 
solution  which  hohls  its  standard  strength  for  a  very  much  longer 
I)eriod  than  the  original  Ilubl  solution,  and  also  acts  much  more 
rai)idly ;  it  is  descrilnMl  in  Brn'rhfe,  1898,  750,  and  no  doubt  will  be 
generally  adopttid.  The  sam<»  eventual  results  are  obtained  as  occui-s 
in  the  original  Ilubl  jiroce^is  when  the  latter  is  curefully  performed. 

The  metho<l  ])rojM>sed  by  Wijs  is  the  use  of  a  solution  of  iodine 
monochloride  in  strong  acetic  acid,  in  jdace  of  the  mixture  of  iodine 
and  mercuric  chloride.  The  original  acid  used  was  of  95  j)er  cent, 
strength,  but  since  then  a  much  l)etter  solution  is  found  1)V  using  not 
less  than  99  i)er  cent.  acid. 

Wijs  admits  a  decrease  of  abl)ut  0*3  j)er  cent,  in  96  hours  when 
using  very  pure  95  j>er  cent,  acid,  but  Lowkowitsch  found  it 
amounte<l  to  4  per  cent,  in  64  hours.  This  Wijs  attributed  to  the 
use  of  a  less  j)ure  acid  than  was  used  by  himself.  However,  the 
substitution  of  the  stronger  acid  seems  to  settle  the  difficulty 
completely.  Lewkowitsch  stateii  that  he  has  found  with  99  per 
cent,  acid  the  same  strength  remains  for  two  months ;  other  operators 
liave  not  found  it  (juite  so  permanent  as  this,  l)ut  all  agree  that  it 
does  not  alter  so  as  to  caus(^  inconvenience.  So  far  as  the  weakening 
of  the  acetic  acid  iodine  solution  is  concerned,  A.  Marshall  is  of 
opinion  that  it  nuist  largely  depend  upon  the  amount  of  chloracetic 
acid  fonned  in  prejKiring  the  solution  (/.  *S'.  C.  I.  1900,  213V  Wijs 
himself  is  of  opinion  that  if  the  acid  is  pure,  and  esj>ecially  free 
from  oxidizable  matters,  there  should  be  theoretically  no  possibility 
of  any  decrease. 

The  i>reparation  of  Wijs'  acetic  iodine  solution,  technically  called 
the  I  Cl-acetic  acid,  is  carried  out  as  follows:  13  gm.  of  pure  iodine 
ar(»,  dissolved  in  a  liter  of  99  per  cent,  acetic  acid  ;  the  strength  is 
then  determined  by  standard  thiosulphate,  then  chlorine  gas  free 
from  IICI  is  jmssed  into  it  until  the  titer  is  doubled.  With  a  little 
practi(*e  the  proper  ending  of  the  chlorination  is  ascertained  ])y  the 
change  of  colour  from  dark  brown  to  light  yellow.  If  the  gas  is 
passe<l  in  until  this  jijst  occurs  the  first  titration  may  be  dispensed 
with.  The  i)rocess  of  titrating  the  fat  is  carried  out  precisely  as 
alK)ve  dei;cribe<l,  with  the  exception  that  the  time  required  for  the 
absorption  is  very  greatly  curtailed.  When  small  quantities  of  fat  are 
used  which  are  of  low  iodine  value  the  action  is  complete  in  less  than 
live  mijiutes,  and  with  higher  values  not  more  than  ten  minutes.  As 
regards  the  chemical  action  which  occurs  in  the  iodine  process, 
opinions  differ.  The  general  idea  has  been  that  iodine  chloride  is  the 
principal  agent,  and  ifrom  experiments  carried  out  by  A.  Marshall 
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(/.  S.  C.  L  1900,  213)  it  seems  clear  that  iodine  absorption  is  simply 
the  addition  of  iodine  chloride  directly  to  the  double  linking  of  the 
unsaturated  acid,  and  that  no  otlier  reaction  takes  place  to  any 
appreciable  extent.  Wijs  has,  however,  come  to  the  conclusion  that 
hypoiodous  acid  must  be  regarded  as  the  principal  agent  {Zeit,  angew. 
Chein.  1898,  291). 

There  is  a  general  agreement  that  the  true  chemical  reaction  which 
takes  place  when  the  iodine  solution  acts  upon  a  fat  is  still  unknown  ; 
but  as  to  this,  Lewkowitsch  remarks,  that  from  a  practical  point  of 
view  it  is  unimportant  whether  only  iodine  or  chlorine  enter  into 
union  with  the  fats,  or  if  both,  in  what  proportions,  since  the  amount 
of  halogen  absorbed  is  estimated  volumetrically,  and  calculated  in 
terms  of  iodine. 

Allen  states  that,  in  both  the  bromine  and  iodine  methods  of 
titration,  the  amount  of  lialogen  taken  up  may  be  considered  as 
a  measure  of  the  unsaturated  fatty  acids  (or  their  glycerides)  present. 
Tlius,  the  acids  of  the  acetic  or  stearic  series  exhibit  no  tendency  to 
combine  with  bromine  or  iodine  uiider  the  conditions  of  the  experi- 
ments, while  the  acids  of  the  acrylic  or  oleic  series  assimilate  two, 
and  the  acids  of  the  linoleic  series  four  atoms  of  the  halogen. 

R.  T.  Thompson  and  H.  Ballantyne  (/.  .S^.  C.  /.  ix.  588)  have 
furnished  a  very  careful  revision  of  the  constants  required  in  tlie 
analysis  of  Oils  and  Fats,  the  results  of  which  are  given  in  the 
following  table.*  Tlie  lards  operated  uj>on  were  rendered  by  them- 
selves and  are  therefore  genuine.  The  fact  is  brought  out  that  for 
each  0*1  increase  in  specific  gravity,  there  is  an  increase  of  1*3  per 
cent,  of  iodiiio  absorption,  and  beef  fat  seems  to  follow  the  same  rule. 
Cotton  seed  oil  sliows  only  about  half  that  proportion. 

In  using  the  iodine  absorption  method  these  operators  found  that 
some  oils  re^juired  fully  eight  hours  for  complete  absorption,  and  they 
recommend,  as  a  rule,  to  start  the  digestion  in  the  evening  and  titrate 
the  solutions  on  the  following  morning.  Both  Lewkowitsch  and 
Wijs,  however,  agree  that  too  long  a  period  should  not  be  allowed  for 
absorption ;  and  it  would  be  well,  in  my  opinion,  that  operators 
should  agree  as  to  the  details  to  be  adopted  in  carrying  out  the 
method. 

*  Since  the  figturefl  in  the  following  tahles  were  published,  the  authors  have  revised  them 
by  further  experiments  (J.  8.  C.  I.  x.  233),  and  comparod  them  with  r«enilts  obtained  by 
other  chemists.  The  conclusion  is  that  in  the  case  of  Olive  oils,  the  figures  may  vary  for 
iodiue  absorption  from  79°/o  in  Gioja  to  86*2  in  Mogadore  oil;  slight  variations  also  ocoor 
in  the  potash  neutralizing  power,  tue  numbers  being  generally  too  low. 
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Table  of  OonstontB  in  the  AnatyBls  of  OUa. 


N»tt.r.rtOUorF«t. 

«Wc. 

^^°£. 

lodlDB 

Nvuullid 

PreaAdd. 

inrMnt 

p««nt. 

pariHt. 

OHw  (Giojil) 

916-6 

7«l 

1907 

9-43 

OlivB   (GJoji)    alter    re- 

moral  of  free  »cid    ... 

91S'2 

790 

19-07 

None. 

Olive      

8I4-8 

83-2 

18-93 

3-88 

OUve      

9H-7 

BOO 

28-78 

Olive      

91S-8 

RSI 

10-00 

610 

Oli«      

916-0 

81-6 

19-63 

Olive  (tor  dyring) 

9IB-* 

789 

1900 

9-67 

Olive      ......      

014-5 

96-4 

18-90 

11-28 

Olive  (tor  cooking)      ... 

316-1 

83-1 

1980 

416 

Olive  (tor  eooking)      ... 

9I6-S 

81-2 

1981 

Not  done 

I-rd  (from  omentum)... 

8698 

621 

— 

Lwd  (from  leri    

Lard  (from  rife)   

880-6 

61-3 

S60'C 

62-6 

BMt  fat  (fimn  auet)      .. 

867-2 

310 

462 

Fat  from  marrow  of  ox ,. , 

868-6 

461 

19-70 

Pat  from  bone  of  01     ... 

859-a 

47-0 

19-77 

Cotton  M*d    

923-6 

8C8-4 

UOl 

Cotton  seed    

9a£'6 

106'8 

1935 

027 

linaeed  (Btltio)    

Unseed  (Eut  rndia)    ... 

nw-6 

187-7 

19-28 

!)31-5 

17B-8 

19-28 

Unned  (Hiver  Hate)  ... 

93S-6 

175-6 

10-07 

Unseed    

932-5 

173'6 

1900 

0-7S 

Linseed   

9SI-2 

168-0 

1900 

Rape        

9I6-B 

106-6 

I75B 

248 

R*I)o       

913-1 

100-7 

17-33 

Rape         

yu-6 

10.11 

17-08 

268 

Kapa       

916-0 

104-6 

1719 

310 

R>^     

914-1 

100'6 

1781' 

Caalor  (commercial)      ... 

967-9 

S3'6 

1802 

316 

Castor  (medicinal) 

9SG-» 

17-86 

9687 

177] 

AraohiB  (commereial)    ... 

930-9 

98-7 

1921 

6-20 

Arachis  (Freueh  reflned) 

917-1 

98-4 

18-93 

0-62 

l*rdoil  (prime)    

917-0 

762 

Southern  uperni     

880-8 

818 

13-26 

Arctic  roenn  (bottle-noee) 
Whnle  (cmde  Norwegian) 

879-9 

82-1 

1304 

920-8 

109-2 

^halo(pale) 

919-3 

110-1 

9«al  (Norwedan) 

925-B 

162-1 

Seal  (coW  drawn,  psle).. . 

!)36-l 

145-8 

19-28 

Seal  (»l«.med.  pale)      ... 

924-4 

142-2 

1893 

Seal(tinBed) 

Seal  (boiled) 

925-7 

1S2'4 

923-7 

142-8 

Menfioden      

B3I-1 

180-0 

18-98 

Newfoundland  ood 

924-0 

lflO-0 

Scotch  cod     

925-0 

168'7 

926-6 

166-6 

1B'61 

0-86 

Mineral  ...      . 

878-6 

lB-8 

Minerd 

BS6-0 

26-1 

- 

Komn       

9B6-0 

- 

67-9 

~ 
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An  agreement  was  made  between  the  principal  Government  Chemist 
and  a  Committee  of  tlie  Public  Analysts*  Society  with  respect  to  the 
following,  in  order  that  there  might  not  be  differences  in  analyses  of 
margarine  or  butter. 

The  Beichert-Wollny  method  for  determination  of 
volatile  fatty  acids  in  Margarine  and  Butter.— Five  gm.  of  the 
liquid  fat  are  introduced  into  a  300  c.c.  flask,  of  the  form  seen  in  the 
figure  (length  of  neck  7  to  8  centimeters,  width  of  neck  2  centimeters). 
Two  c.c.  of  a  solution  of  caustic  soda  (98  per  cent.)  in  an  equal  weight 
of  water — preserved  from  the  action  of  atmospheric  carbonic  acid — 
and  10  c.c.  of  alcohol  (about  92  per  cent.)  are  added,  and  the  mixture 
is  heated  under  a  reflux  condenser,  connected  with  the  flask  by 
a  T-piece,  for  fifteen  minutes  in  a  bath  containing  boiling  water. 
The  alcohol  is  distilled  off  by  heating  the  flask  on  the  water-bath  for 
about  half  an  hour,  or  until  the  soap  is  dry.  One  himdred  c.c.  of  hot 
water,  which  liave  been  kept  boiling  for  at  least  ten  minutes,  are 
added,  and  the  flask  heated  until  the  soap  is  dissolved.  Forty  c.c.  of 
normal  sulphuric  acid  and  three  or  four  fragments  of  pumice  or 
broken  pipe-stems  are  added,  and  the  flask  is  at  once  connected  witli 
a  condenser  by  means  of  a  glass  tube  7  millimeters  wide  and  15  centi- 
meters from  the  top  of  the  cork  to  the  bend.  At  a  distance  of 
5  centimeters  al)ove  the  cork  is  a  Imlb  5  centimeters  in  diameter. 
The  flask  is  supported  on  a  circular  piece  of  asbestos  12  centimeters 


Fig.  57. 

in  diameter,  having  a  hole  in  the  centre  5  centimeters  in  diameter, 
and  is  first  heated  by  a  very  small  flame,  to  fuse  the  insoluble  fatty 
acids,  but  the  heat  must  not  be  sufficient  to  cause  the  liquid  to  boil. 
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Tlie  heat  is  increased,  iiul  wlien  fusion  is  c()nij>lete  110  c.c.  are 
distilled  off  into  a  graduated  flask,  the  distillation  lasting  about  thirty 
minuter  (say  from  twenty-eight  to  thirty-two  minuter),  the  distillate 
is  shaken,  100  c.c.  filtered  off,  transferred  to  a  ])eaker,  0*5  c.c.  of 
phenol phthalein  solution  (1  gni.  in  100  c.c.  alcohol)  added,  and  the 
filtrate  titrated  with  decinormal  soda  or  l>arvta  solution.  Precisely 
the  same  procedure  (with  the  same  reagents),  omitting  the  fat,  should 
be  followed,  and  the  amount  of  decinormal  alkali  required  to  neutralize 
the  distillate  ascertained.  This  should  not  exceed  0*3  c.c.  The 
volume  of  decinormal  solution  of  alkali  uscmI,  less  the  figure  obtained 
by  blank  experiment,  is  multiplied  by  1*1.  The  numl)er  so  obtained 
is  the  "Reichert-Wollny  Number." 

METifOD  OF  Prockdubk  :  The  sample  is  melted  and  filtered  from  curd  and 
water  through  a  dry  filter.  From  the  filtrate  the  5  gm.  of  fat  for  the 
process  are  taken.  The  soda  solution  is  filtered  clear  from  carbonate  formed  in 
its  preparation,  and  kept  in  a  special  bottle.  The  Sox  hie t  spherical  condenser  is 
a  convenient  one  for  the  reflux  distillation.  This  is  fixed  near  the  water-bath  in 
which  the  saponification  is  to  take  place,  and  is  connected  with  the  flask  by 
means  of  a  T-piece  and  indiand)ber  tubes  inclined  at  an  angle  of  45°.  During 
the  saponification  the  (txh^  liml)  of  tlie  T-piece  is  directed  upwards,  and  its  end 
closed  by  a  short  \nev4i  of  indianibber  and  glass  rod.  At  the  end  of  fifteen 
minutes  this  limb  is  turned  downward,  and  the  piece  of  glass  rod  replaced  by  a 
tube  carrying  away  the  alcohol. 

One  hundred  c.c.  of  hot  distilled  water  arc*  ;idded,  and  the  flask  frequently 
sliaken  until  the  soap  is  dissolved.  The  L  i  e  b  i  g  is  a  convenient  form  of  condenser. 
One  containing  a  column  of  water  30  to  35  centimeters  in  length  gives  su^icient 
condensing  surface.  After  shaking  the  distillate,  about  5  c.c.  are  filtered  through 
a  dry  paper  into  a  100  c.c.  flask.  This  serves  to  wash  out  the  flask.  When  the 
100  c.c.  are  transferred  to  a  beaker,  the  flask  is  not  washed  out,  but  the  main 
quantity  is  neutralized  with  the  standard  solution  of  alkali  and  returned  to  the 
flask,  then  again  transfem»d  to  the  beaker  and  the  titration  completed.  ] 

PHENOLS  AND  CBESOLS. 

Phenol  CJI,pH  =  94. 

§  93.  The  chief  method  claiming  accuracy  for  the  e.stimation 
of  phenols  volumetrically  was  originated  by  Koppeschaar  (Z.  a.  C. 
xvi.  233),  and  consists  in  j)recipitating  the  phenol  from  its  aqueous 
or  dilute  alcoholic  s(dution  with  bromine  water  in  the  form  of 
tribromphenol. 

The  strength  of  the  bromine  water  was  established  by  Koppeschaar, 
by  titration  with  thiosulphate  and  potassium  iodide  with  starch. 

Allen  moilifies  the  method  as  follows  : — 

Method  of  Pbocedube  :  A  certain  weight  of  the  sample  is  dissolved  in 
water,  as  much  as  corresponds  to  O'l  gm.  of  phenol  is  taken  out  and  put  into  a 
stoppered  bottle  holding  250  c.c.  Further,  to  7  c.c.  of  normal  soda  solution 
(=004  gm.  NaOH  per  c.c.)  bromine  is  gradually  addtd  till  a  yellow  colour 
appears  and  remains ;  the  liquid  is  then  boiled  till  it  has  become  colourless  again. 
It  now  contains  6  molecules  of  sodium  bromide  and  1  of  sodium  bromate. 
When  completely  cooled,  it  is  put  into  the  phenol  solution,  after  which  5  c.c. 
concentrated  hydrochloric  acid  are  at  once  added,  and  the  bottle  stoppered  and 
shaken  for  some  time.    The  reactions  are ; — 

I.    5NaBr  +  NaBrOj  +  6HC1 = OXaCl  +  3Br  +  3H2O. 
II.    CeHeO  +  eBr^CeHjBrjO  +  SHBr. 
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The  bromine  set  free  in  the  first,  and  not  fixed  by  phenol  in  the  second 
reaction  must  be  still  free,  and  is  estimated  by  adding  potassium  iodide  and 
titrating  the  iodine  liberated  by  ^/lo  thiosulphate : — 

III.  2KI  +  Brj=«2KBr  +  2l. 

IV.  I2  +  2Na2S203 = Na8S408  +  2NaI. 

Por  this  purpose  the  bottle  is  allowed  to  stand  for  15  or  20  minutes ;  a 
solution  of  about  1*25  gm.  potassium  iodide  (free  from  iodate)  is  added,  the  bottle 
is  stoppered,  shaken  up,  and  allowed  to  rest.  Its  contents  are  now  poured  into  a 
beaker ;  the  bottle  is  rinsed  out,  a  little  starch  solution  is  added,  and  thiosulphate 
is  run  in  from  a  burette  till  the  blue  colour  is  gone.  (It  will  be  best  not  to  add 
the  starch  till  the  colour  of  the  liquid  has  diminished  to  light  yellow.)  The 
calculation  is  made  as  follows : — 7  c.c.  of  normal  soda  solution  neutralize  0'56  gm. 
of  bromine,  all  of  which  is  liberated  by  HCl.  0*1  gm.  phenol  would  require 
0*4068  and  leave  a  surplus  of  0*1532  gm.  ;  the  latter  would  liberate  enough 
iodine  to  saturate  19*o  c.c.  of  ^/lo  thiosulphate.  Every  c.c.  of  thiosulphate  used 
over  and  above  this  indicates  0001 97  gm.  impurities  in  01  gm.  of  the  sample — 
that  is,  1*27  per  cent. 

If  a  number  of  estimations  have  to  be  made  at  one  time,  it  would 
seem  decidedly  preferable  to  adopt  Koppeschaar's  original  method, 
rather  than  to  jJiepare  special  bromine  solution  as  above.  For  the 
estimation  of  i)henol  in  raw  products,  Toth  (Z.  a.  C.  xxv.  160) 
modifies  the  bromine  method  as  follows : — 

Method  of  Proceduke  :  20  c.c.  of  the  impure  carbolic  acid  are  placed  in  a 
beaker  with  20  c.c.  of  caustic  potash  solution  of  1'3  sp.  gr.,  well  shaken  and 
allowed  to  stand  for  half  an  hour,  then  diluted  to  about  i  liter  with  water.  By 
this  treatment  the  foreign  impurities  are  set  free,  and  may  mostly  be  removed 
by  filtration ;  the  filter  is  washed  with  warm  water,  until  all  alkali  is 
removed.  The  filtrate  and  washings  are  acidulated  slightly  with  HCl,  and 
diluted  to  3  liters.  50  c.c.  are  then  mixed  with  150  c.c.  of  standard  bromine 
solution  and  then  5  c.c.  of  concentrated  HCl.  After  twenty  minutes,  with 
frequent  shaking,  10  c.c.  of  iodide  solution  are  added,  mixed,  and  allowed  to  rest 
three  to  five  minutes,  then  starch,  and  the  titration  with  thiosulphate  carried  out 
as  usual. 

Example. — 20  c.c.  raw  carbolic  oil  were  treated  as  above  described.  50  c.c.  of 
the  solution,  with  150  c.c.  bromine  solution  (made  by  dissolving  2*04  gm.  sodium 
bromate  and  6'959  gm.  sodium  bromide  to  the  liter),  then  5  c.c.  of  HCl,  required 
17'8  c.c.  of  thiosulpliate  for  titration.  The  150  c.c.  bromide  =0*237  gm.  Br. 
The  17*8  c.c.  thiosulphate  required  for  residual  titration  =0*052  gm.  Br  leaving 
0*185  gm.  Br  for  combination  with  the  phenol.    According  to  the  equation — 

CfiHsOH  +  3Bra=3HBr  +  CgHjOHBra. 

One  mol.  phenol  =  3  mol.  Br,  hence  the  percentage  of  phenol  was"10*86. 

Kleinert  {Z.  a.  C.  xxxiii.  1)  suggests,  and  his  experiments  appear 
to  prove,  that  in  titmting  acid  creosote  oil  by  Koppeschaar's  method 
for  phenol,  a  serious  error  occurs  in  virtue  of  such  oil  containing 
substances  of  higher  boiling-point  than  phenol,  which  are  soluble  in 
water,  and  behave  with  bromine  in  the  same  manner  as  true  phenoL 

Meissinger  and  Yortmann  (Pharm,  Zeii,  f.  Russland  xxix. 
759)  describe  a  method  of  estimating  phenol  based  on  the  fact,  that 
iodine  conXbines  with  phenol  in  alkaline  solution  in  the  proportion  of 
6  atoms  I  to  1  mol.  phenol. 

Method  of  Pbocedube  :  2  to  3  gm.  phenol  are  dissolved  in  caustic  soda 
solution  (3  eq.  NaHO  to  1  eq.  phenol)  and  made  up  to  500  c.c.  with  water ; 


'§  93.  PHENOLS  AND  CRESOLS.  395 

10  c.c.  of  this  are  placed  in  a  flask,  wanned  to  6(f  C,  and  ^/lo  iodine  added 
until  the  solution  is  faintly  yellow,  with  formation  of  a  red  precipitate.  When 
cold,  the  solution  is  acidified  with  dilute  H}S04,  made  up  to  500  c.c.  and  filtered. 
In  100  c.c.  of  the  filtrate,  the  excess  of  I  is  titrated  with  "/lo  thiosulphate ;  this 
amount,  deducted  from  the  total  I  used,  g^ves  the  amount  ahsorhed  by  phenol, 
which,  when  multiplied  by  0*128518,  gives  amount  of  phenol  in  the  sample. 

A  new  method  for  the  examination  of  commercial  phenols  has  been 
described  by  S.  B.  Schry  ver  (J.  S.  C,  L  1899,  553),  and  is  based  on 
tlie  interaction  of  sodamide  and  bodies  containing  a  hydroxy]  group, 
which  takes  place  according  to  the  typical  reaction  : 

NaNHa  +  CeH/JH  =  NaOCeH^  +  NH^. 

Method  of  Procedure  :  A  200  c.c.  wide-necked  flask  is  fitted  with  a 
separating  funnel,  the  tube  of  which  passes  to  the  bottom,  and  an  inverted 
condenser  connected  at  its  upper  end  with  an  absorbing  vessel,  and  thence  with 
an  aspirator.  About  1  gm.  of  sodamide  is  finely  ground,  washed  two  or  three 
times  with  benzene  by  decantation,  then  introduced  into  the  flask,  and  50  or 
^  c.c.  of  benzene  (free  from  thiophen)  added.  The  mixture  is  heated  on  a 
water-bath  in  a  current  of  dry  air  freed  from  COj  for  some  ten  minutes  till  the 
last  traces  of  ammonia  are  expelled.  About  20  c.c.  of  normal  sulphuric  acid  are 
next  placed  in  the  receiver,  and  the  phenol,  dissolved  in  six  times  its  weight  of 
benzene,  is  brought  into  the  funnel  and  allowed  to  drop  into  the  flask.  The 
funnel  is  rinsed  with  more  l)enzene,  and  the  current  of  air  is  maintained  through 
the  boiling  liquid  for  75  minutes.  The  excess  of  sulphuric  acid  is  finally 
titrated  with  normal  sodium  carbonate  and  methyl  orange.  With  phenol,  cresol, 
and  guaiacol  (alone),  the  process  gives  correct  result**,  provided  (1)  the  apparatus 
and  phenol  are  perfectly  dry  (sodamide  acts  upon  water),  (2)  sufficient  benzene 
is  employed  to  hold  the  sodium  salt  in  solution,  (3)  the  benzene  is  free  from 
thiophen,  and  (4)  air  is  aspirated  for  a  sufficient  lengfth  of  time.  Toluene  or 
xylene  may  replace  the  benzene,  but  in  that  case  a  sand-bath  must  be  used 
instead  of  the  water-bath. 

The  process  is  obviously  not  api)lical>le  to  the  determination  of  the 
relative  proportions  of  more  than  two  i)henols ;  Init  it  has  been  tested 
on  mixtures  of  phenol  and  cresol,  on  wood-tar  guaiacol,  which  is 
a  mixture  of  guaiacol  and  creosol,  on  thymol  in  oil  of  thyme, 
and  on  eugenol  in  oil  of  cloves.  Calling  the  numlKT  of  c.c.  of 
standard  acid  that  are  necessary  to  neutralize  the  ammonia  given 
off  when  1  gm.  of  a  phenol  (either  simple  suhstance  or  mixture) 
is  treated  with  an  excess  of  sodamide  under  the  experimental  con- 
ditions the  "  hydroxvl  value  " — which  in  the  case  of  pure  phenol  is 

/lOO     \  • '  /lOO    \ 

\qn~)  10'63,  and  in  that  of  pure  cresol  is  \iq.q=/  9*26,  etc. — 

a  table  may  be  prepared  for  converting  the  hydroxyl  value  obtained 
when  a  mixture  of  two  known  phenols  is  oi)erated  upon  directly  into 
the  relative  proportion  l^etween  the  two  ingredients,  and  the  results 
calculated  in  this  manner  from  the  analysis  of  materials  of  the  al)ove- 
mentioned  composition  appear  to  be  fairly  satisfactory. 

The  method  is  equally  available  for  determining  the  amoinit  of 
water  in  any  particular  phenol,  because  the  reaction  between  sodamide 
and  water  is  analogous  to  that  between  the  amide  and  a  phenol. 
Fused  sodium  acetate  is  the  best  substance  to  remove  the  last  traces 
of  moisture  from  ordinary  phenol,  and  the  estimation  of  moisture 
can  be  ascertained  by  two  experiments,  one  before  and  one  after 
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drying — tlie  difference  in  ammonia  represents  the  moisture.  The 
process  has  an  advantage  over  methods  involving  the  use  of  bromine 
or  iodine,  as  the  results  are  not  affected  by  the  presence  of  hydro- 
carbons, for  which  reason  it  should  be  \iseful  for  estimating  phenols 
in  a  large  number  of  essential  oils,  etc.  So<lamide  acts  upon  ketones, 
amines,  etc.  (Titherley,  J.  C.  S.  Trans.  1897,  460),  but  these  bodies 
can  be  readily  removed  by  various  suitable  reagents. 

A  paper  on  the  reactions  of  bromine  with  phenol  and  the  ci-esols, 
a  process  for  ciilculating  the  com})08ition  of  mixtures  thereof,  is 
produced  bv  Ditz  and  Cedivoda  (Zeifs.  angeic.  Chern.  1899,  873 
and  897). 

If  either  o-  or  7>-cresol,  in  alkaline  solution,  is  mixed  with  a  known  excess  of 
bromine  dissolved  in  sodium  hydroxide,  and  the  liquid  is  acidified  with  dilute 
HCl  (1  :  1),  and  agitated  for  one  minute,  on  adding  KI  and  titrating  with 
thiosulpliate,  2  atoms  of  bromine  will  be  found  to  liave  been  taken  up  by  each 
molecule  of  the  aromatic  comiwund.  If  cither  phenol  or  iw-cresol  is  treated 
similarly,  3  atoms  of  halogen  are  ab?iorbed.  On  the  other  liand,  if  either  o-  or 
^-cresol  in  ])resence  of  the  bromine  and  sodium  hydroxide  is  allowed  to  stand  for 
ten  minutes  after  acidification  yni\v  strong  sulphiuic  acid,  then  shaken  for  five 
minutes,  and  the  insoluble  matter  removed  by  filtration,  on  adding  potassium 
iodide  to  the  filtrate  and  titrating  with  thiosulphate,  3  atoms  of  bromine  will  be 
found  to  have  coml)ined  with  each  molecule  of  the  phenol  body.  If  either 
phenol  or  wj-cresol  is  treated  in  the  latter  manner,  4  atoms  of  bromine  are 
absorbed. 

The  authors  state  that  depending  on  these  reactions,  it  is  possible,  by  suitable 
calculation,  to  separate  a  mixture  of  any  three  of  the  above-mentioned  phenols 
into  one  which  combines  with  the  (higher)  lower  proportion  of  halogen ;  and  into 
two  which  combine  with  the  higher  (lower)  proportion  of  halogen ;  the  ra««ults 
being  quite  satisfactory.  And  it  is  also  feasible,  though  with  less  accuracy,  to 
sei)arate  a  mixture  containing  phenol  and  each  of  the  isomeric  cresols  into 
phenol,  w-cresol,  and  o-plus  /^-cresol.  For  the  former  purpose  onl}*^  one  process 
of  absorption  is  requisite ;  to  attain  the  latter,  both  must  be  carried  out.  When 
all  four  phenolic  bodies  are  present  simultaneoiisly,  the  method  of  calculation  is  a» 
follows  :  a  is  the  total  weight  of  mixed  phenols,  x  the  true  phenol,  y  the  o-plus 
jy-cresol,  z  the  wi-cresol,  h  the  bromine  taken  up  when  hydrochloric  acid  is  used, 
and  c  the  halogen  absorbed  after  treatment  with  strong  sulphuric  acid  and 
filtration. 

x-^y  +  z  =  a ...  (1). 

3  Br  ^   2Br  ^    3  Br  .         ,o^ 

9406  10808     ^      10808  ^  ^ 

In  order  to  obtain  the  original  phenols  in  a  condition  suitable  for  bromination,. 
all  hydrocarbons,  fatty  acids,  and  water  must  be  removed.  The  authors  bring 
them  into  ethereal  solution,  dr}'  the  extract  with  calcium  chloride  or  sodium 
sulphate,  and  distil  off  the  solvent.  The  last  traces  of  ether  are  driven  oS  b}- 
heating  the  mixture  two  or  three  times  in  a  fractionating  flask  to  almost  18°  C, 
and  then  driving  over  the  phenolic  bodies  themselves.  Care  must  be  taken  that 
the  excess  of  bromine  is  sufficient  in  all  cases ;  and  in  the  presence  of  ^-cresol, 
when  brominating  with  hydrochloric  acid,  the  time  of  standing  must  not  be 
prolonged. 

R.  Clauser,  in  noticing  the  above  statement,  mentions  that  similar 
results  have  been  obtained  by  him  in  the  investigation  of  o-cresol. 

As  Benedik^  has  already  shown,  in  contact  with  a  large  excess  of  bromine. 
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phenol  ^nelds  bromoxytribroiuophenol,  which  i^  fairly  resistant  to  the  action  of 
water,  alkalies,  and  acids,  but  ^ives  ordinary  tribromopheuol  on  treatment  with 
imtossium  iodide,  aoxwrding  to  the  reaction  : 

CeHaBrjOBr  +  2KI  +  H,SO,  -CeHjBrjOH  +  llBr  +  K2SO4  +  L. 

C  la  user  lias  therefore  examined  the  behaviour  of  the  analogous  bromoxy- 
eompound  of  o-cre8ol  to  see  whether,  and  under  wluit  conditions,  it  is  attacked 
by  potassium  iodide  to  regenerate  the  dibromo-o-cresol.  He  finds  that  the  cresol 
solution  which  is  treated  mth  the  bromine  should  have  a  concentration  of 
1  :  H0,000  or  40,000 ;  tliat  too  large  an  excess  of  bromine  should  be  avoided,  the 
best  proportion  being  6  atoms  of  bromine  to  1  molecule  of  the  cresol;  tliat 
directly  the  liquid  becomes  yellow — which  oc<?urs  in  about  five  minutes,  and  is 
due,  not  to  free  halogen,  but  to  the  formation  of  the  bromoxy-compound — the 
potassium  iodide  should  be  added  ;  and  tliat  the  liquid  should  stand  at  least  lialf 
an  hour  before  titration,  which  should  l)e  done  in  the  cold.  By  attending  to 
these  points,  o-cresol  can  \ye  detennined  by  the  Koppeschaar  process  with  a 
maximum  error  of  +  0"6  per  cent. ;  exactly  4  atoms  of  bromine  being  employed 
in  the  reaction  per  1  molecule  of  cresol.  Under  the  conditions  of  the  analysis 
there  is  no  danger  of  the  iodine  liberated  from  the  iodide  reacting  with  the 
aromatic  molecule. 

SALICYLIC   ACID. 

C.ILO.-l.iH. 

§  94.  Several  nuahods  have  been  proposed  for  the  e*»tiinatiou  of 
this  substaiu'f.  as  existing  in  the  form  of  salts  or  in  a  free  state,  and 
a  critical  exaiiii nation  of  the  most  hopeful  of  these  has  l>een  carefully 
made  by  W.  Fresenius  and  L.  Griiiiliut  (Z.  a.  C,  1899,  292). 
The  experiments  were  made,  on  pure  sodium  salicylate.  The  method 
proposed  by  Meissiuger  ami  Vortmann  in  which  it  is  sai<l  by  the 
authors  that  1  m<il.  of  siilicylic  acid  consumes  6  atoms  of  iodine  wa.H 
not  confirmed  in  these  experiments,  and  they  cmne  to  the  conclusion, 
that  the  metluxl  couM  not  Ix^  relied  on  even  to  give  approximately 
correct  results.  On  the  other  hand  their  experience  of  Freyer's 
bromine  nu'thod  was  that  it  «mve  satisfactory  results. 

The  method  describetl  by  Freyer  (Chcni.  Zeifs,  xx.  820)  is  based 
on  the  facts  that,  on  mixing  a  solution  of  salicylic  acid  with  bromine 
wat(;r  in  ex(;ess,  a  yellowish-white  precipitate  is  formed. 

and  that,  on  adding  a  solution  of  [)otassium  icjdide,  not  only  does  the 
excess  of  bi-rmiine  liberate  an  ecjuivalent  amount  of  iodine,  but  the 
tribromphennl  bromide  also  reacts  as  in  the  equation  : 

C^ll,l]r.,(  )15r  +  2K1  -  C^ir.^r»r,<  )K  +  KBr  +  21. 

Hence,  in  calculating  the  results,  only  0  atoms  of  bromine  correspond 
to  one  of  salicylic  acid. 

Freyer  states  that  an  excess  of  about  100  per  cent,  of  bromine  is 
necessary,  but  the  authors  have  proved  that  an  excess  of  from  75  to 
80  per  (UMit.  is  sufficient.  They  have  tested  the  method  with  con- 
centnited  bromine  solutions,  using  considerable  (juantities  of  sodium 
siilicylate,  and  have  obtained  as  satisfactory  results  as  Freyer  himself. 
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They  give  the  following  details  of  their  method  of  working,  in  which, 
like  Freyer  and  Koppeschaar,  they  used  solutions  of  potassium 
bromate  and  bromide,  and  liberated  the  bromine  by  the  addition  of 
hydrochloric  acid. 

Method  of  Pboceduse  :  The  required  quantity  of  the  bromine  and  bromate 
solution  is  diluted  with  300  o.c.  of  water,  and  decomposed  with  30  o.c.  of  dilute 
HCl  (sp.  gr.  110).  Into  this  mixture  is  introduced  with  continual  stirring  a 
solution  of  about  1  per  cent,  in  strength  of  the  substance  under  examination.  A 
white  precipitate  is  immediately  formed,  and,  after  this  has  been  allowed  to 
stand  for  about  five  minutes  with  occasional  agitation,  30  to  40  c.c.  of  a  lOper 
cent,  solution  of  KI  are  introduced  and  the  separated  iodine  titrated  with  ^/lo 
thiosulphate. 

In  the  most  successful  results  the  bromide  solution  contained  2'5  gm.  of 
potassium  bromate,  and  about  10  gm.  of  potassium  bromide  in  a  liter  of  water. 
25  c.c.  of  this  solution  corresponded  \iith  25*49  c.c.  of  thiosulphate  solution,  and 
1  c.c.  of  the  latter  to  001097505  gm.  of  iodine  or  000199111  gm.  of  salicylic 
acid. 

The  percentage  of  salicylic  acid  thus  foimd  in  the  same  sample  of 
pure  sodium  salicylate  varied  in  four  determinations  from  86*21  to 
86*43  per  cent.     The  theoretical  amount  is  86*23  per  cent. 

This  method  is  not  applicable  to  the  analysis  of  mixtures  of  starch 
and  sodium  salicylate  such  as  occurs  in  medicinal  tabloids.  In  such 
cases  the  substance  should  be  dissolved  in  90  per  cent,  alcohol,  the 
solution  brought  to  a  definite  volume,  filtered  from  the  undissolved 
starch,  and  an  aliquot  part  of  the  filtrate  used  for  the  analysis.  In  a 
mixture  of  90*91  per  cent,  of  sodium  salicylate  and  9*09  per  cent,  of 
starch,  the  authors  found  in  tliis  way  89*97  per  cent,  of  the  former. 

In  the  analysis  of  wines  which  contain  sulphurous  acid,  aldehyde, 
sulphurous  acid,  and  other  substances  which  act  upon  bromine,  the 
best  method  of  determining  salicylic  acid,  when  present,  is  to  make 
the  liquid  alkaline,  concentrate  it,  render  it  acid,  and  extract  it  with  a 
mixture  of  ether  and  petroleum  spirit.  The  extract  thus  obtained  is 
shaken  with  alkaline  water,  which  removes  the  salicylic  acid,  and  this 
aqueous  solution  can  then  be  used  in  the  bromine  method. 

As  regards  the  colorimetric  method  of  estimating  salicylic  acid  by 
means  of  iron  chloride,  the  author  states  that  it  can  only  be  used 
when  the  amount  of  salicylic  acid  is  less  than  2  m.gm. 

Methylic  salicylate.— E.  Kremers  and  M.  M.  James  {Chefin, 
Centr,  1898,  1070)  have  slightly  modified  the  method  proposed  by 
Ewing,  and  boil  a  weighed  quantity  of  the  substance  with  a  known 
volume  of  normal  alkali  for  5  minutes.  The  excess  of  alkali  is  then 
titrated  with  normal  acid,  and  the  alkali  consumed,  multiplied  by  0*152, 
represents  the  weight  in  grams  of  methylic  salicylate. 

The  method  proposed  by  Meissinger  and  V or t maun  is  also 
recommended.  5  gm.  of  the  sample  are  saponified  with  excess  of 
alkali,  and  when  cold  diluted  to  500  c.c. ;  10  c.c.  of  this  are  heated, 
50  c.c.  of  ^/lo  iodine  solution  added,  and  the  liquid  diluted  to  500  c.c. ; 
in  100  c.c.  of  this,  the  excess  of  iodine  is  estimated  by  means  of  ^/j© 
sodium  thiosulphate.  1  c.c.  of  iodine  solution  absorbed,  when  multi- 
plied by  0*631825,  represents  the  amount  of  methylic  salicylate,  as 
1  mol.  of  the  ethereal  salt  absorbs  7  mols.  of  iodine. 
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PART  VI. 

SPECIAL  APPLICATION'S  OF  THE  VOLUMETRIC 

SYSTEM    TO    THE    ANALYSIS    OF    URINP;    POTABLE 

WATERS,   SEWAGE,   ETC. 

ANAIiYSIS   OF    UBINE. 

§  95.  The  complete  and  accurate  determination  of  the  nonnal  and 
abnormal  constituents  of  urine  presents  more  than  ordinary  difficulty 
to  even  experienced  chemists,  and  is  a  hopeless  task  in  the  liands  of 
any  other  than  such.  Fortunately,  however,  the  most  important 
matters,  such  as  urea,  sugar,  phosphates,  sulphates,  and  cldorides,  can 
all  be  determined  volumetrically  with  accuracy  by  ordinar}'  operators, 
or  by  medical  men  who  cannot  devote  much  time  to  practical  chemistry. 
The  researches  of  Liebig,  Neubauer,  Benco  Jones,  Vogel,  Bealc, 
Hassall,  Pavy,  and  others  during  the  last  few  years,  have  resulted 
in  a  truer  knowledge  of  tlus  important  secretion ;  and  to  the  two  first 
mentioned  cliemists  we  are  mainly  indebted  for  the  simplest  and  most 
accurate  method  of  estimating  its  constituents.  With  the  relation 
which  the  proportion  of  these  constituents  bear  to  health  or  disease 
the  present  treatise  has  nothing  to  do,  its  aim  being  simply  to  point 
out  the  readiest  and  most  useful  methods  of  determining  them 
quantitatively.  Their  pathological  importance  is  very  fully  treated 
by  some  of  the  authorities  just  mentioned,  among  the  works  of  wliich 
Neubauer  and  VogePs  Analyse  des  Hamsy  Beale's  Urine^  Urinary 
Deposits,  and  Calculi,  and  Mdhu's  Trait e  de  Chimie  Medicate,  are 
most  prominent  an<l  exhaustive;  and  we  now  have  the  collected 
experience  of  all  the  Ijest  authorities  in  the  world  in  The  PatlMlogical 
Handbook  of  Drs.  Lauder  Brunton,  Klein,  Foster,  and  Burdon 
Sanderson  (Churchill),  and  in  Allen's  Clieinidry  of  Unne 
(Churchill). 

The  gram  system  of  weights  and  measures  will  be  adopted  tlirough- 
out  this  section,  while  those  who  desire  to  use  the  grain  system  will 
have  no  difficulty  in  working,  when  once  the  simple  relation  between 
them  is  understood*  (see  §  10  p.  25).  The  question  of  weights  and 
measures  is,  however,  of  very  little  consequence,  if  the  analyst 
considers  that  he  is  dealing  with  relative  parts  or  proportions  only  ; 
and  as  urine  is  generally  described  as  containing  so  many  ])arts  of 
urea,  chlorides,  or  phosphates,  per  1000,  the  absolute  weight  may  bo 
left  out  of  the  question.  The  grain  system  is  more  readily  calculated 
into  English  ounces  and  pints,  and  therefore  is  generally  more  familiar 
to  the  medical  profession  of  this  country 

One  thing,  however,  is  necessary  as  a  preliminary  to  the  exami- 
nation   of    urine,   and    which    has    not    generally   l)een   sufficiently 

*  In  a  word,  whenever  c.c.  occurs,  dm.  may  be  8al>8tituted ;  ftud  in  case  of  using  grains 
for  grams,  move  the  decimal  point  one  place  to  the  right ;  thus  7*0  grams  would  be  changed 
to  7t)  grains.  Of  course  it  is  understood  that  where  grams  are  taken  c.c.  must  be  measured, 
and  with  grains  dm.,  the  standard  solution  b«ingthe  same  for  both  systems. 
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considered;  that  is  to  say,  the  relation  between  the  quantity  of 
secretion  passed  in  a  given  time,  and  the  amount  of  solid  matters 
found  in  it  by  analysis.  In  a  medical  point  of  view  it  is  a  mere  waste 
of  time,  generally  speaking,  to  estimate  the  constituents  in  half-a-pint 
or  so  of  urine  passed  at  any  particular  hour  of  the  day  or  night, 
without  ascertaining  the  relation  which  that  quantity,  with  its 
constituents,  l>ears  to  the  whole  ([uantity  passed  during,  say,  24  hours; 
and  this  is  the  more  necessary,  as  the  amount  of  fluid  secreted  varies 
very  considerably  in  healthy  persons ;  besides  this,  the  analyst  should 
register  the  colour,  peculiarity  of  smell  (if  any),  consistence,  presence 
or  absence  of  a  deposit  (if  the  former,  it  slioidd  be  collected  for 
sepamte  analysis,  filtered  urine  only  being  used  in  such  cases  for 
examination),  and  lastly  its  reaction  to  litmus  should  be  observed. 

1,    Specific  Gravity. 

This  may  be  taken  by  measuring  10  c.c.  with  an  accurate  pipette 
into  a  tared  boaker  or  flask.  The  observed  weight  say  is  10*265  gm.; 
therefore  1026*5  will  be  the  specific  gravity,  water  being  1000. 
Where  an  accumte  balance,  pipette,  or  weights  are  not  at  hand, 
a  good  urinometer  may  be  used.  These  instruments  are  now  to  l)e 
had  Avith  enclosed  thermometer  and  of  accurate  graduation. 

2.    Estimation  of  Chlorides  (calculated  as  Sodium  Chloride). 

This  may  be  done  in  various  ways.  Liebig's  method  is  by  far 
the  simplest,  but  the  end-point  is  generally  so  obscure  tliat  the 
liability  to  error  is  very  great,  and  therefore  the  details  of  the  process 
are  omitted.  Mohr's  method  is  modified  by  the  use  of  ammonium 
in  place  of  potassium  nitrate,  owing  to  the  solvent  efl^ect  wliich  the 
latter  has  been  found  to  produce  on  silver  chromate.  By  ignition 
the  ammonia  salt  is  destroyed. 

(a)  By  Silver  Nitrate  and  Chromate  Indicator  (Mohr). — 
10  c.c.  of  the  urine  are  measured  into  a  thin  porcelain  capsule,  and 
1  gm.  of  pure  ammonium  nitrate  in  powder  added  ;  the  whole  is  then 
evaporated  to  dryness,  and  gradually  heated  over  a  small  spirit  lamp 
to  low  redness  till  all  vapours  are  dissipated  and  the  residue  becomes 
white* ;  it  is  then  dissolved  in  a  small  quantity  of  water,  and  the 
carbonates  jjroduced  by  the  combustion  of  the  organic  matter 
neutralized  T)y  dilute  acetic  acid;  a  few  grains  of  pure  calcium 
carbonate  to  remove  all  free  acid  are  then  added,  and  one  or  two 
<lrops  of  solution  of  potassium  chromate. 

The  mixture  is  then  titrated  with  ^/jq  silver,  as  in  §  41.2  (/>). 

Each  c.c.  of  silver  solution  represents  0*005845  gm.  of  salt, 
consequently  if  12*5  c.c.  have  been  used,  the  weight  of  salt  in  the 
10  c.c.  of  urine  is  0*07296  gm.,  and  as  10  c.c.  oidy  were  taken,  the 
weight  multiplied  by  10,  or  what  amounts  to  the  same  thing,  the 

*  Dr.  Edmunds  has  called  my  atteutiun  to  the  fiict,  that  there  is  great  danger  of  losing 
chlorine  if  the  ignition  is  made  at  a  high  temperature,  and  there  is  no  doubt  he  is  light. 
He  prefers  to  char  the  ixrinary  residue  thoroughly  over  a  spirit  lamp,  and  wash  out  the 
chlorides  with  hot  water,  the  filtered  liquid  is  then  available  for  direct  estimation  with 
silver  and  chromate  or  by  the  Volli  ar  d  method. 
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decimal  point  moved  two  places  to  the  right,  gives  7*296  gm.  of  Bait 
for  1000  c.c.  of  urine. 

If  6'9  c.c.  of  the  urine  are  taken  for  titration,  the  number  of  c.c.  of  i^/io 
silver  used  will  represent  the  number  of  parte  of  salt  in  1000  parts  of  urine. 

(h)  By  Volhard's  Method.— This  is  a  direct  estimation  of 
CI  by  excess  of  silver  and  the  excess  found  hy  ammonium  or  potassium 
thiocyanate  (§  43),  which  gives  very  good  results  in  the  atence  of 
much  organic  matter,  and  is  carried  out  as  follows : — 

10  c.c.  of  urine  are  i)laced  in  a  100  c.c.  flask  and  diluted  to  about  60  o.c 
2  c.c.  of  pure  nitric  acid  and  15  c.c.  of  standard  silver  solution  (1  c.c.=0'01  gm. 
NaCl)  are  then  added ;  the  closed  flask  is  well  sliaken,  and  the  measure  made  up 
to  100  c.c.  with  distilled  water. 

The  mixture  is  then  jwissed  through  a  dry  filter,  and  about  70  or  80  c.c.  of 
the  clear  fluid  titrated  with  standard  thiocyanate  for  the  excess  of  silver, 
using  the  ferric  indicator  described  on  page  145.  The  relative  strength  of 
the  silver  and  thiocyanate  being  known,  the  measure  of  the  former  required 
to  combine  with  the  chlorine  in  the  7  or  8  c.c.  of  urine  is  found  and  calculated 
into  NaCl. 

Arnold  {P/liiger^s  Archiv.  xxx.  541)  carries  out  this  process  as 

follows : — 

10  c.c.  of  urine  are  mixed  with  10  to  20  drops  of  nitric  acid  sp.  gr.  12,  2  c.c. 
of  ferric  indicator,  and  10  to  15  drops  of  solution  of  permanganate  to  oxidize 
organic  matter.     The  liquid  is  then  filtered  and  titrated  as  described  above. 

3.    Estimation  of  Urea  (Liebig). 

The  comhination  between  urea  and  mercuric  oxide  in  neutral  or 
alkahne  solutions  is  used  as  the  basis  for  the  determination  of  urea 
in  urine ;  and  as  the  precipitate  so  produced  is  insoluble  in  water  or 
weak  alkaline  solutions,  it  is  only  necessary  to  prepare  a  standard 
solution  of  mercury  of  convenient  strength,  and  to  find  an  indicator 
by  which  to  detect  the  point  when  all  the  urea  has  entered  into 
combination  with  the  mercury,  and  the  latter  slightly  predominates. 
This  indicator  is  sodium  carbonate.  Liebig 's  instructions  are,  that 
when  in  the  course  of  adding  the  mercurial  solution  from  the  burette 
to  the  urine,  a  drop  of  the  mixture  is  taken  from  time  to  time  and 
brought  in  contact  w^th  a  few  drops  of  solution  of  sodium  carbonate 
on  a  glass  plate  or  in  a  watch-glass,  no  change  of  colour  is  produced  at 
the  point  of  contact  until  the  free  urea  is  all  removed ;  when  this  is 
the  case,  and  the  mercury  is  slightly  in  excess,  a  yellow  colour  is 
produced,  owing  to  the  formation  of  hydrated  mercuric  oxide. 

The  compound  of  urea  and  mercury  consists,  according  to  Liebig 's 
analysis,  of  1  eq.  of  the  former  to  4  eq.  of  the  latter :  that  is  to  say,  if 
the  nitric  acid  set  free  by  the  mixture  is  neutralized  from  time  to  time 
with  sodium  carbonate  or  other  suitable  alkali.  If  this  be  not  done, 
the  precipitate  first  formed  alters  in  character,  and  eventually  consists 
only  of  3  w|.  of  -  mercury  with  1  of  urea.  In  order  to  produce  the 
yellow  colour  with  sodium  carbonate,  there  must  be  an  excess  of 
mercurial  solution.  Theoretically,  100  parts  of  urea  should  require 
720  parts  of  mercuric  oxide ;  but  practically,  772  parts  of  the  latter 
are  necessary  to  remove  all  the  urea,  and  at  the  same  time  show  the 
yellow  colour  with  alkali;  consequently  the   solution  of    mercuric 

D   D 
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nitrate  must  be  of  empirical  strength,  in  order  to  give  accurate 
results. 

Preparation  of  the   Mercuric   Solution.— 77*2   gm.   of  red 

mercuric  oxide,  or  71*5  gm.  of  the  metal  itself,  are  dissolved  in  the 
necessary  quantity  of  nitric  acid  by  heat,  but  no  large  amount  of  free 
acid  must  be  present,  then  diluted  to  1  liter :  1  c.c.  of  the  solution  is 
then  equal  to  0*01  gm.  of  urea.  Dragendorff  prefers  to  use  mercuric 
chloride  in  the  preparation  of  the  standard  solution,  by  weighing 
96*855  gm.  of  the  pure  salt,  which  is  dissolved  in  water,  then  pre- 
cipitated with  dilute  caustic  soda,  the  precipitate  well  washed  by 
decantation  until  free  from  chlorine,  then  dissolved  in  a  slight  excess 
of  nitric  acid,  and  the  solution  diluted  to  1  liter. 

Baryta  Solution  for  removing  Phosphoric  and  Sulphuric 
Acids. — Before  urine  can  bo  submitted  to  titration  by  the  mercurial 
solution,  it  is  necessary  to  remove  the  phosphoric  acid,  and  the  proper 
agent  for  this  purpose  is  a  mixture  composed  of  1  vol.  of  cold  saturated 
solution  of  barium  nitrate  and  2  vols,  of  satiu^ted  barium  hydrate ; 
this  agent  is  used  previous  to  the  estimation  of  urea,  and  may  be 
simply  designated  Baryta  solution. 

Method  of  Pbocedure  :  Two  volumes  of  the  urine  are  mixed  with  one  of 
baryta  solution  (reserving  the  precipitate  for  the  determination  of  phosphoric 
acid,  if  necessaiy),  and  15  c.c.  (=10  c.c.  of  urine)  taken  in  a  small  beaker  for 
titration;  it  is  brought  under  the  burette  containing  the  mercurial  solution^ 
without  neutralizing  the  excess  of  baryta,  and  the  solution  added  in  small 
quantities  so  long  as  a  distinct  precipitate  is  seen  to  form.  A  plate  of  glass  laid 
over  dark  paper  is  previously  sprinkled  with  a  few  drops  of  solution  of  sodium 
carbonate,  and  a  drop  of  the  mixture  must  be  brought  from  time  to  time,  by 
mean^  of  a  small  glass  rod,  in  contact  with  the  socUi.  So  long  as  the  colour 
remains  white,  free  urea  is  present  in  the  mixture ;  when  the  yellow  colour  is 
distinctly  apparent,  the  addition  of  mercury  is  discontinued,  and  the  quantity 
used  calculated  for  the  amount  of  urea.  It  is  always  advisable  to  repeat  the 
anal^'sis,  taking  the  first  titration  as  a  guide  for  a  more  aocumte  estimation 
by  the  second. 

Example  :  15  c.c.  of  urine  deprived  of  phosphates  ( =  10  c.c.  of  the  original 
urine)  were  titrated  as  described,  and  required  17*6  c.c.  of  mercurial  solution ; 
consequently  there  was  0*176  gm.  of  urea  present  in  the  10  c.c.  or  17*6  parts  in 
the  1000  of  urine. 

The  experiments  of  Kautenberg  {Ann,  d.  Chem,  u,  Phann, 
cxxxiii.  55)  and  Pfluger  (Z.  a.  C.  xix.  375)  show,  however,  that  the 
method,  as  devised  l)y  Liebig,  is  open  to  serious  errors,  due  to  the 
imcertainty  in  the  i)oint  of  neutralization. 

Pfliiger's  researches  are  very  complete,  and  lead  to  the  following 
modification  of  the  process. 

A  solution  of  pure  lu-ea  is  prepared  containing  2  gm.  in  100  c.c. 
10  c.c.  of  this  solution  are  placed  in  a  beaker,  and  20  c.c.  of  the" 
mercury  solution  ran  into  it  in  a  continuous  stream  ;  the  mixture  is 
then  immediately  brought  under  a  burette  containing  normal  sodium 
carbonate,  and  this  solution  is  added  with  constant  agitation  until  a' 
permanent  yeUow  colour  appears.  The  volume  of  soda  solution  so. 
used  is  noted  as  that  which  is  necessary  to  neutralize  the  acidity 
produced  by  20  c.c.  of  the  mercury  solution  in  the  presence  of  urea. 
Pfliiger  found  that  by  titrating    10   c.c.  of   the   urea   solution  by, 
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small  additions  of  the  mercury,  and  occasional  neutralization,  the 
end  of  the  reaction  occurred  generally  at  from  17 '2  to  17  "8  c.c.  of 
mercury;  but  when  he  ran  in  boldly  19*7  c.c.  of  mercury,  followed 
immediately  by  normal  sodium  carlx)nate  to  near  neutrality,  then 
alternately  a  drop  or  two  of  first  mercury,  then  soda,  the  exact  point 
was  reached  at  20  c.c.  of  mercury ;  and  when  10  c.c.  of  the  mercury 
solution  which  gave  this  reaction  were  analyzed  as  sulphide  by  weight, 
a  mean  of  several  determinations  gave  0'7726  gm.  of  HgO,  which 
agrees  very  closely  with  Lie  big's  number. 

In  the  case  of  titrating  urine,  the  following  method  is  adopted  : — 

A  plate  of  colourless  glass  is  laid  upon  black  cloth,  and  some  drops  of  a  thick 
mixture  of  sodium  bicarbonate  (free  from  carbonate)  and  water  placed  upon  it  at 
convenient  distances.  The  mercury  solution  is  added  to  the  urine  in  such 
volume  as  is  judged  appropriate,  and  from  time  to  time  a  drop  of  the  white 
mixture  is  placed  beside  the  bicarbonate  so  as  to  touch,  but  not  mix  completely. 
At  first  the  urine  mixture  remains  snow-white,  but  with  further  additions  of 
mercury  a  point  at  last  occurs  when  the  white  gives  place  to  yellow.  When  the 
coloiu"  has  developed  itself,  both  drops  are  rubbed  quickly  together  with  a  glass 
rod :  the  colour  should  disappear.  Further  addition  of  mercury  is  made 
cautiously  until  a  faint  yellow  is  permanent.  Now  is  the  time  to  neutralize  by 
the  addition  of  the  normal  soda  to  near  the  volume  which  has  been  found 
necessary  to  completely  neutralize  a  given  volume  of  mercury  solution.  If  the 
time  has  not  been  too  long  in  reaching  this  point,  it  will  be  found  that  a  few 
tenths  of  a  c.c.  will  suffice  to  complete  tne  reaction.  If,  however,  much  time  has 
been  consumed,  it  may  occur  that,  notwithstanding  the  mixture  is  distinctly  acid, 
the  addition  of  soda  produces  a  more  or  less  yellow  colour :  in  this  case,  nothing 
is  left  but  to  go  over  the  analysis  again,  taking  the  first  trial  as  a  giiide  for  the 
quantities  of  mercury  and  soda  solutions,  which  should  be  delivered  in  one  after 
the  other  as  speedily  as  possible  until  the  exact  end  is  reached. 

It  is  abscJutely  necessary,  with  this  modified  process,  to  render  the 
urine  perfectly  neutral,  after  it  is  freed  from  phosphates  and  sul])hates 
by  baryta  solution. 

Corrections  and  Modifications  (Liebig).— In  certain  cases  the  results 
obtained  by  the  above  methods  are  not  strictly  correct,  owing  to  the  variable  state 
of  dilution  of  the  liquid,  or  the  presence  of  matters  which  affect  the  mercury 
solution.  The  errors  are,  however,  generally  so  slight  as  not  to  need  correction. 
Without  enterinj^  into  a  full  description  of  their  origin,  I  shall  simply  record 
the  facts,  and  give  the  modifications  necessary  to  be  made  where  thought 
desirable. 

The  Urine  contains  more  than  2  per  cent,  of  Urea,  i.e.,  more  than 
20  parts  per  1000.  This  quantity  of  urea  would  necessitate  20  c.c.  of  mercurial 
solution  for  10  c.c.  of  unne.  All  that  is  necessarv  to  be  done  when  the  first 
titration  has  shown  that  over  2  per  cent,  is  present,  is  to  add  half  as  much  water 
to  the  urine  in  the  second  titration  as  has  been  needed  of  the  mercurial  solution 
above  20  c.c.  Suppose  that  28  c.c.  have  been  used  at  first,  the  excess  is  8  c.c, 
therefore  4  c.c.  of  water  are  added  to  the  fluid  before  the  second  experiment 
is  made. 

The  Urine  contains  less  than  2  per  cent,  of  Urea.     In  this  case,  • 
for  every  4  c.c.  of  mercurial  solution  less  than  20,  01  c.c.  must  be  deducted, 
before  calculating  the  quantity  of  urea  ;  so  that  if  16  c.c.  have  been  required  to 
produce  the  yellow|^ colour  with   10  c.c.   urine,    15'9  is  to  be  coasidered  the 
correct  quantity. 

The  Urine  contains  more  than  1  per  cent,  of  So^dium  Chloridje, 
%.€.,  more  than  10  parts  per  1000.    In  this  case  2  c.c.  must  be  deducted  from  the 
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quantity  of  mercurial  solution  actually  required  to  produce  the  yellow  colour 
with  10  c.c.  of  urine. 

Tlje  Urine  contains  Albumen.  In  this  case  50  c.c.  of  the  urine  are 
boiled  with  2  drops  of  strong  acetic  acid  to  coagulate  the  albumen,  the  precipitate 
allowed  to  settle  thoroughly,  and  30  c.c.  of  the  clear  liquid  mixed  with  15  c.c.  of 
baryta  solution,  filtered,  and  titrated  for  urea  as  previously  described. 

The  Urine  contains  Ammonium  Carbonate.  The  presence  of  this 
substance  is  brought  about  by  the  decomposition  of  urea,  and  it  may  sometimes 
be  of  interest  to  know  the  quantity  thus  produced,  so  as  to  calculate  it  into  urea. 

As  its  presence  interferes  with  the  correct  estimation  of  urea  direct,  by 
mercurial  solution,  a  portion  of  the  urine  is  precipitated  with  baryta  as  usual, 
and  a  quantity,  representing  10  c.c.  of  urine,  evaporated  to  dr3mes8  in  the  water- 
bath  to  exjiel  the  ammonia,  the  residue  then  dissolved  in  a  little  water,  and  the 
urea  estimated  in  the  ordinary  way.  On  the  other  hand,  50  or  100  c.c.  of  the 
urine,  not  precipitated  with  baryta,  are  titrated  with  normal  sulphuric  acid  and 
litmus  paper,  each  c.c.  of  acid  representing  0*017  gm.  of  ammonia,  or 
0'03  gm.  of  urea. 

l*flUger's  correction  for  concentration  of  the  urea  dififers  from 
Lie  big's,  his  rule  heing  as  follows  : — 

Given  the  volume  of  urea  solution  +  the  volume  of  NaCOj  required  +  the 
volume  of  any  other  fluid  free  from  urea  which  may  be  added,  and  call  this  Vi ; 
the  volume  of  mercury  solution  is  Vj ;  the  correction  C  is  then 

C==  — (Vi— Va)  X  0-08. 

This  formula  holds  good  for  cases  where  the  total  mixture  is  less  than  three 
times  the  volume  of  mercury  used. 

With  more  concentrated  solutions  this  formula  gives  results  too  high. 

Pfeiffer  {Zeit.  f.  JUoh  xx.  540)  has  made  a  careful  comparison  of 
Liebig's  (as  modified  by  l^fliiger)  and  Kauten berg's  methods  of 
estimating  urea.  The  essential  difiference  of  Rautenberg's  method 
consists  in  maintaining  the  urea  solution  neutral  throughout  by 
successive  additions  of  (calcium  carl)onate ;  under  these  conditions, 
the  composition  of  the  precipitate  differs  from  that  formed  when  the 
titration  is  ma<le  according  to  Pfliiger's  process,  a  fact  which  accounts 
for  the  diminished  consumption  of  mercuric  nitrate  in  the  former 
method.  The  general  conclusions  from  his  observations  may  be 
summarized  as  follows: — (1)  In  estimating  the  correction  for  sodium 
chloride,  the  amount  of  free  acid  should  h^  as  small  as  possible,  and 
0*1  c.c.  should  be  subtracted  from  every  c.c.  of  mercuric  nitrate  used, 
but  in  human  urine  it  is  preferable  to  precipitate  the  chlorine  with 
silver  nitrate,  as  a  slight  excess  of  the  latter  does  not  influence  the 
result.  (2)  The  coefficient  for  dilution  should  be  determined  afresh 
for  every  new  standanl  solution. 

4.    Estimation  of  Urea  by  its  coiversion  into 

Nitrogen  Gas. 

If  a  solution  of  urea  is  mingled  with  an  alkaline  solution  of 
hypoclilorite  or  hypobromite,  the  urea  is  rapidly  decomposed  and 
nitrogen  evolved,  which  can  be  collected  and  measured  in  any  of  the 
usual  forms  of  gas  apparatus  described  in  the  section  on  analysis 
of  gases. 

Test  experiments  with  pure  urea  have  shown,  that  the  whole  of 
the  nitrogen  contained  in  it  is  eliminated  in  this  process,  with  the 
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exceptiui)  of  a  constant  defi(iit  of  8  per  ccut.  In  tliti  caae  of  uriiie 
there  anj  other  nitrogenous  c'Oimtituonts  present,  such  as  nriu  ac-id, 
hippuric  acid,  aixl  creatiuini-,  wliiclk  render  up  a  small  proportion  of 
tlieir  iiitrogeu  in  tlio  process,  but  th«  quantity  so  obtained  is 
insignificant,  and  may  be  disre^jfarded.  Consequently,  for  all  medical 
purposes,  this  method  of  estimating  urea  in  urine  is  sufficiently  exact. 
In  the  ease  of  diabetic  urines,  however,  Mehii  and  others  have 
pointed  out  that  this  deficiency  is  diminished,  and  if,  in  addition  to 
the  glucose  present,  cane  xugar  bo  also  added,  it  will  almost  entirely 
disappear.  Mehii  therefore  reconimends  tliat  in  the  analysis  of 
saccharine  urines  cane  su^r  \k  added  to  ten  times  the  amount  of  urea 
present,  when  the  difference  between  the  actual  and  theoretical  yield 
of  nitrogen  will  not  exceed  1  jwr  cent.  {Hull.  Soc.  Chiin.  [*2] 
Kxxiii.  410). 

Kussell  and  West  (J.  V.  S.  [2]  xii.  749)  have  deseribeil  a  very 
convenient  apparatus  for  working  the  process,  and  which  gives  very 
good  results  in  a  short  space  of  tinie.  Tliia  method  Iios  given  rise  to 
endless  forms  of  apjjaratus  devised  bv  various  operators,  including 
Mehil,  Vvon,  Dui.re,  Apjohn,  Maxwell  Simpson,  DoremUB, 
O'Keefe,  etc.,  etc. ;  the  principles  of  construction  arc  all,  however, 
the  same.  Those  who  may  wish  to  construct  simple  forms  of 
apparatus  from  orihuary  laboratory  appliances,  will  do  well  to  refer  to 
tho  arrangements  of  iJuprii  (J.  C.  S.  1877,  534)  or  Maxwell 
Simpson  (ibid.  538).  The  nitrometer,  with  side  flask,  and  using 
mercury,  is  perliaps  tlie  beat  of  all  for  thi:  gasometric  estimation  of 
urea.  Each  c.c.  of  N  produced,  after  correction  for  temperature, 
pressure,  and  moisture,  being  wjual  to  0-OO29.53  gm.  of  urea  on  the 
assumption  tliat  9'2 "/,  is  evolved. 

The  apparatus  devised  by  Kussell  and  West  is  shown  in  lig.  58, 
and  may  !«  described  as  follows  :— 

The  tulte  for  deeonijiosing  the  urine  is 
about  9  inches  lung,  ami  about  half  an 
inch  inside  diameter.  At  '2  inches  from 
it«  closeil  etui  it  is  narrowed,  and  an 
elongateil  hulb  is  blown,  h-aviiig  the  orilice 
at  its  neck  U-  of  an  incli  in  dianietiT ;  the 
bulb  should  hold  alwut  lli  c.c.  Tho  mouth 
of  this  tube  is  fixed  into  tho  Ixittom  of  a 
tin  tray  about  Ij  inch  decis  which  acts  as 
a  pneumatic  trough  ;  the  tray  is  supporteil 
on  legs  long  enough  to  allow  of  a  sninll 
spirit  lamp  licing  held  under  the  bull> 
tube.  The  nieasui'itig  tube  for  collecting 
the  nitrogen  is  graduated  into  cubic  ci 
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mouth  of  the  decomposing  tulw  ;  one 
holding  ahout  40  c.c.  is  a  convenient  si/..-. 
Kusscll  and  West  have  tixcd  by  experi- 
ment the  proi>ortions,  so  us  to  obviate  the 
necessity    for  correction  of   pressure  and 
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temperature,  iiauiely,  37*1  c.c.  =  0*1  gm.  of  urea,  since  tliey  found  that 
5  c.c.  of  a  2  per  cent,  solution  of  urea  constantly  gave  37'1  c.c.  of 
nitrogen  at  ordinary  temi)erature«  anil  pressures.  Tlie  entire  apparatus 
can  be  purchased  of  most  operative  chemists  for  a  moderate  sum. 

Hypobromite  Solution. — This  is  best  prejmred  by  dissolving  100  gm. 
of  caustic  soda  in  250  c.c.  of  water,  and  at  the  time  required  25  c.c.  of 
the  solution  are  mixed  with  2*5  c.c.  of  bromine ;  this  mixture  gives  a 
rapid  and  complete  decomposition  of  the  urea.  Strong  solution  of 
sodium  or  calcium  hypocldorite  answers  equally  well. 

Method  of  Peockduee:  5  c.c.  of  the  urine  are  measured  into  the  bulb- 
tube,  fixed  in  its  proper  position,  and  the  pides  of  the  tube  washed  down  with 
distilled  water  so  that  the  bulb  is  filled  up  to  its  constriction.  A  glass  rod, 
having  a  thin  band  of  india-rubber  on  its  end,  is  then  passed  down  into  the 
tube  so  as  to  plug  up  the  narrow  opening  of  the  bulb.  The  h^-jiobroiuite  solutioa 
is  then  poured  into  the  upper  part  of  the  tube  until  it  is  full,  and  the  trough 
is  afterwards  half  filled  with  water. 

The  graduated  tube  is  filled  with  water,  the  thumb  placed  on  the  open  end» 
and  the  tube  is  inverted  in  the  trough.  The  glass  rod  is  then  pulled  out,  and 
the  graduated  tube  slipped  over  the  mouth  of  the  bulb-tube. 

The  reaction  commences  immediately,  and  a  torrent  of  gas  rises  into  the 
measuring  tube.  To  prevent  any  of  the  gas  being  forced  out  by  the  reaction, 
the  upper  part  of  the  bulb-tube  is  tlip^htly  narrowed,  so  that  the  gas  is  directed 
to  the  centre  of  the  graduated  tube.  With  the  strength  of  hypobromite  solution 
above  described,  the  reaction  is  complete  in  the  cold  in  about  ten  or  fifteen 
minutes ;  but  in  order  to  expedite  it,  the  bulb  is  slightly  warmed.  This  causes 
the  mixing  to  take  place  more  rapidly,  and  the  reaction  is  then  complete  in  five 
minutes.  The  reaction  will  be  rapid  and  complete  only  when  there  is  con- 
siderable excess  of  the  hypobromite  present.  After  the  reaction  the  liquid 
bhould  still  have  the  characteristic  colour  of  the  hypobromite  solution. 

The  amount  of  constriction  in  the  tube  is  by  no  means  a  matter  of 
indiflerence,  as  the  rapidity  with  which  the  reaction  takes  place 
depends  upon  it.  If  the  liquids  mix  too  quickly,  the  evolution  of 
the  gas  is  so  rapid  that  loss  may  occur.  On  the  other  hand,  if  the 
tube  is  too  much  constricted,  the  reaction  takes  place  too  slowly. 

The  simplest  means  of  supporting  the  measuring  tube  is  to  have 
the  bulb- tube  corked  into  a  well,  which  projects  from  the  bottom  of 
the  trough  about  one  inch  downwards.  The  gi-aduated  tube  stands 
over  the  bulb-tube,  and  rests  upon  the  cork  in  the  bottom  of  the  well. 
It  is  convenient  to  have,  at  the  other  end  of  the  trough,  another  well, 
which  will  form  a  support  for  the  measuring  tube  when  not  in  use. 

To  avoid  all  calculations,  the  measuring  tube  is  graduated  so  that 
the  amount  of  gas  read  off  expresses  at  once  what  may  be  called  the 
I>i*rcentage  amount  of  urea  in  the  urine  experimented  upon ;  e'.e.,  the 
number  of  grams  in  100  c.c,  5  c.c.  being  the  quantity  of  urine  taken 
in  each  case.  The  gas  collected  is  nitrogen  saturated  with  aqueous 
vapour,  and  the  bulk  will  obviously  be  more  or  less  affected  by 
temperature  and  pressure.  Alterations  of  the  barometer  produce  so 
small  an  alteration  in  the  volume  of  the  gas,  that  it  may  be  generally 
neglected  ;  e.g.,  if  there  are  30  c.c.  of  nitrogen,  the  quantity  preferred, 
an  alteration  of  one  inch  in  the  height  of  barometer  would  produce  an 
error  in  the  amount  of  urea  of  about  0*003  ;  but  for  more  exact  experi- 
ments, tlie  correction  for  i)ressure  should  be  introduced. 
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In  the  wards  of  hospitals,  and  in  rooms  where  the  experiments  are 
most  likely  to  be  made,  the  temperature  will  not  vary  much  from  65" 
F.,  and  a  fortunate  compensation  of  errors  occurs  with  this  form  of 
apparatus  under  these  circumstances.  The  tension  of  the  aqueous 
vapour,  together  with  the  expansion  of  the  gas  at  this  temperature, 
almost  exactly  counterbalances  the  loss  of  nitrogen  in  the  reaction. 

The  authors  found  from  experience  that  5  c.c.  of  urine  is  the  most 
advantageous  quantity  to  employ,  as  it  usually  evolves  a  convenient 
bulk  of  gas  to  experiment  with,  i.e.,  about  30  c.c.  They  liave  shown 
that  5  c.c.  of  a  standard  solution  containing  2  per  cent,  of  urea  evolve 
37*1  c.c.  of  nitrogen,  and  have  consequently  taken  this  as  the  basis  of 
the  graduation  of  the  measuring  tul)e.  This  bulk  of  gas  is  read  off  at 
once  as  2  per  cent,  of  urea,  and  in  the  same  way  the  other  graduations 
on  the  tube  represent  percentage  amounts  of  urea. 

If  the  urine  exj)erimented  with  is  very  rich  in  urea,  so  that  the 
5  c.c.  evolve  a  much  larger  volume  of  gas  than  30  c.c,  then  it  is  best 
at  once  to  dilute  the  urine  with  its  own  bulk  of  water ;  take  5  c.c.  of 
this  diluted  urine,  and  multiply  the  volume  of  gas  obtained  by  two. 

If  the  urine  contains  much  albumen,  this  interferes  with  the 
process  so  far  that  it  takes  a  long  time  for  the  bubbles  of  gas  to 
sul)side,  before  the  volume  of  gas  obtained  can  be  accurately  read  off. 
It  is  therefore  better  in  such  cases  to  remove  as  much  as  po88i]>le  of 
the  albumen  by  heating  the  urine  with  two  or  three  drops  of  acetic 
acid,  filtering,  and  then  iLsing  the  filtrate  in  the  usual  manner. 

Hamburger  (Zetf.  /.  Biol.  xx.  286)  descril)es  a  method  founded 
on  Quinquand's  {Monit.  Seien.  1882,  2),  in  which  the  decomposition 
of  urea  by  hypol)romite  is  supposed  to  take  place  thus  : — 

CO(NH,),,  +  3NaBrO  =  3NaBr  +  211.^  +  CO.^  +  N.^. 

This  reaction  require^s  the  proportion  of  bromine,  sodium  hydrate,  and 
water  to  be  exactly  balanced  or  incorrect  results  will  be  obtained. 
The  author  claims  for  his  method  that  it  will  yield  correct  results,  no 
matter  in  what  proportions  these  reagents  are  present.  It  consists 
essentially  in  adding  an  excess  of  an  alkaline  solution  of  scxlium 
hypobromite  (of  known  strength  in  relation  to  standanl  alkaline 
arsenite)  to  the  liquid  containing  urea,  then  destroying  the  excess  of 
hypol)romite  with  an  excess  of  standanl  arsenite  (  =  19*8  gm.  AsjOjj 
per  liter),  and  finally  determining  the  amount  of  arsenite  remaining 
luioxidized,  by  titration  with  stantlartl  iodine,  the  amount  of  urea  then 
being  readily  calculateil  from  the  amount  of  arsenite  remaining 
unoxidized.  The  author's  exj)eriments  as  to  the  accuracy  of  the 
methoil,  show  that  a  certain  quantity  of  urea  always  requires  the  same 
amount  of  hypobromite,  and  that  the  dilution  of  the  solution  of  urea 
has  no  effect  on  the  quantity  of  hyjM)bromite  employed. 

To  decide  on  the  ap]>licability  of  tlic  method  to  natural  urine  great 
l)ain8  were  taken,  the  ure^  being  deteniiined  as  described,  the  effect  of 
its  dilution  with  water  studied,  pure  urea  added,  and  the  whole 
estimated,  and  Itistly  sodium  hypobromite  of  various  degrees  of 
concentration  employed  ;  the  results  of  the  exiKjriments  are  given 
very  fully  and  tabulated.     On  the  whole  they  are  very  satisfactory, 
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the  differences  falling  well  within  the  limits  of  errors  of  observation 
and  manipulation ;  the  method  may  therefore  be  considered  applicable 
to  the  determination  of  urea  in  urine. 

5.    Estimation  of  Phosphoric  Acid  Csee  also  §  73). 

The  principle  of  this  method  is  fully  describe*!  at  page  292. 
The  following  solutions  are  required  : — 

(1)  Standard  uranium  acetate  or  nitrate.     1  c.c.  =  0*005  gm.  PgO^ 
(see  p.  293). 

(2)  Standard  phosphoric  acid  (see  p.  294). 

(3)  Solution  of  sodium  acetate  (see  p.  294). 

(4)  Solution  of  potassium  ferrocyanide. — About  1  part  to  20  of 
water,  freshly  prepared. 

Method  of  Procedure  :  50  c.c.  of  the  clear  urine  are  measured  into  a 
small  beaker,  together  with  5  c.c.  of  the  solution  of  sodium  acetate  (if  uranium 
nitrate  is  used).  The  mixture  is  then  warmed  in  the  water-bath,  or  otherwise, 
and  the  uranium  solution  delivered  in  from  the  burette,  with  constant  stirring, 
as  long  as  a  precipitate  is  seen  to  occur.  A  small  portion  of  the  mixture  is 
then  removed  with  a  glass  rod  and  tested  as  described  (p.  294) ;  so  long  as  no 
brown  colour  is  produced,  the  addition  of  uranium  may  be  continued ;  when  the 
faintest  indication  of  this  reaction  is  seen,  the  process  must  be  stopped,  and  the 
amount  of  colour  observed.  If  it  coincides  with  the  original  testing  of  the 
uranium  solution  >vith  a  similar  quantity  of  fluid,  the  result  is  satisfactory,  and 
the  quantity  of  solution  used  may  be  calculated  for  the  total  phosphoric  acid 
contained  in  the  50  c.c.  of  urine;  if  the  uranium  has  been  used  accidentally  in 
too  great  quantity,  10  or  20  c.c.  of  the  same  urine  may  be  added,  and  the  testing 
concluded  more  cautiously.  Suppose,  for  example,  that  the  solution  has  been 
added  in  the  right  proportion,  and  19*2  c.c.  used,  the  50  c.c.  >vill  have  contained 
0096  gm.  phosphoric  acid  (  =  1*92  per  100).  With  care  and  some  little  practice 
the  results  are  very  satisfactory. 

£artliy  Phosphates. — The  ofyyve  determination  gives  the  total  amount 
of  phosphoric  acid,  but  it  may  sometimes  be  of  interest  to  know  how  much  of 
it  is  combined  with  lime  and  magnesia.  To  this  end  100  or  200  c.c.  of  the 
urine  are  measured  into  a  beaker,  and  rendered  freely  alkaline  with  anunonia ; 
the  vessel  is  then  set  aside  for  ten  or  twelve  hours,  for  the  precipitate  of  earthy 
phosphates  to  settle :  the  clear  liquid  is  then  decanted  through  a  filter,  the  pre- 
cipitate brought  upon  it  and  washed  with  ammoniacal  water;  a  hole  is  then 
made  in  the  filter  and  the  precipitate  washed  through ;  the  paper  moistened 
with  a  little  acetic  acid,  and  washed  into  the  vessel  containing  the  precipitate, 
which  latter  is  dissolved  in  acetic  acid  (some  sodium  acetate  added  if  uranium 
nitrate  is  used),  and  the  mixture  diluted  to  about  50  c.c.  and  titrated  as  before 
described ;  the  quantity  of  phosphoric  acid  so  found  is  deducts  from  the  total 
previously  estimated,  and  the  remaiLdcr  gives  the  quantity  existing  in  com- 
bination with  alkuUcs. 

6.    Estimation  of  Sulphuric  Acid. 

Standard  harium  cliloride. — A  (juantity  of  crystallized  barium 
chloride  is  to  be  powdered,  and  diied  between  folds  of  l>lotting-paper. 
Of  this,  30*5  gm.  are  di.ssolved  in  distilled  water,  and  the  liquid 
made  up  to  a  liter.     1  c.c.  =  O'Ol  gm.  of  80^. 

Solution  of  sodium  sulphate. — 1  part  to  10  of  water. 
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Mbtuod  of  Procedcbe:  100  c.c.  of  tho  urine  are  poured  into  a  beaker,  a 
little  hvdrochlorio  acid  added,  and  the  whole  placed  on  a  small  sand-bath,  to 
which  heat  is  applied.  When  the  solution  boils,  the  barium  chloride  is  allowed 
to  flow  in  very  gradually  as  long  as  the  precipitate  is  seen  distinctly  to  increase. 
The  heat  is  removed,  and  the  vessel  allowed  to  stand  still,  so  that  the  precipitate 
may  subside.  Another  drop  or  two  is  then  added,  and  so  on,  until  the  whole 
of  the  SO3  is  precipitated.  Much  time,  however,  is  saved  by  iming  Beale's 
filter,  represented  in  fig.  23.  A  little  of  the  fluid  is  thus  filtered  clear,  poured 
into  a  test-t4ibe,  and  tested  with  a  drop  from  the  burette ;  this  is  afterwards 
returned  to  the  beaker,  and  more  of  the  test  solution  added,  if  necessary. 
The  operation  is  repeated  until  the  precipitation  is  complete.  In  order  to  be 
sure  that  too  much  of  the  baryta  solution  has  not  been  added,  a  drop  of  the 
clear  fluid  is  added  to  the  solution  of  sodium  sulphate  placed  in  a  test-tube 
or  upon  a  small  mirror  (see  p.  333).  If  no  precipitate  occurs,  more  barium 
must  be  added ;  if  a  slight  cloudiness  takes  place,  the  analysis  is  finished ;  but  if 
much  precipitate  is  produced,  too  large  a  quantity  of  the  test  has  been  used, 
and  the  analysis  must  be  repeated. 

For  instance,  supjioso  that  18*5  c.c.  have  been  added,  antl  there  is 
still  a  slight  cloudiness  produced  which  no  longer  increases  after  the 
addition  of  another  i  c.c,  we  know  that  between  18J  and  19  c.c.  of 
solution  have  been  required  to  precipitate  the  whole  of  the  sulphuric 
acid  present,  and  that  accordingly  tlie  100  c.c.  of  urine  contain 
'between  0-185  and  019  gm.  of  SO.j. 

7.    Estimation  of  Sugar. 

Fehling's  original  metliod  is  precisely  the  same  as  describetl  in 
§  74,  but  the  most  suitable  methods  for  urine  are  Oerrard's  or  the 
Pavy-Fehling(§  75). 

Pbocess  for  the  Cyano-cupbic  Solutio.v.— 10  c.c.  of  the  clear  urine  are 
diluted  by  means  of  a  measuring  flask  to  200  c.c.  with  water,  and  a  large  burette 
filled  with  the  fluid.  To  10  c.c.  of  the  cyano-cupric  solution  prepared  as  directed 
(p.  321)  are  then  measure<l  another  10  c.c.  of  Fehling's  copi)er  and  the  liquid 
brought  to  boiling ;  the  diluted  urine  is  then  delivered  in  cautiously  from  the 
burette  while  still  boiling,  and  with  constant  stirring,  until  the  bluifrh  colour 
has  nearly  disappeared.  The  addition  of  the  urine  nuist  then  be  continued 
more  carefully,  until  the  colour  is  all  removed,  the  burette  is  then  read  off, 
and  the  quantity  cf  sugar  in  the  urine  calculated  as  follows : — 

Suppose  that  40  c.c.  of  the  diluted  urine  have  been  required  to  reduce  the 
10  c.c.  of  copper  solution,  that  quantity  will  have  coutaiutd  0'05  gm.  of  ^ugar; 
but,  the  urine  being  diluted  20  times,  the  40  (^c.  reprej?ent  only  2  c.c.  of  the 
original  urine ;  therefore  2  c.c.  of  it  contain  005  gm.  of  sugar,  or  25  jvarts 
per  1000. 

If  the  l*avy-Fehling  solution  is  usetl,  it  is  prepared  as  described 
in  §  75. 

Method  of  Procedike:  10  c.c  of  cleiir  urine  arc  diluted  as  just  describe<l, 
and  delivered  cautiously  from  the  burette  into  50  or  100  c.c.  of  the  Pavy- 
Fehling liquid  (previously  heated  to  boiling)  until  the  colour  is  discharged. 
The  (jalculation  is  the  same  as  before.  100  c.c.  of  Pavy-Pehling  solution 
=  005  gm.  glucose. 

The  animonia<!al  funics  are  best  absorbed  by  leading  an  elastic  tube  from 
the  reduction  flask  into  a  beaker  of  water;  the  end  of  the  tube  should  be 
plugged  with  a  piece  of  solid  jjlass  rod,  and  a  transverse  slit  made  in  the  elastic 
tube  just  above  the  plug.  This  valve  allows  the  vapours  to  escape,  but  prevents 
the  return  of  the  liquid  in  case  of  a  vacuum. 
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8.    Estimation  of  Uric  Acid. 

A  method  for  the  accurate  estimation  of  this  constituent  of  urine 
has,  up  to  the  present,  not  been  found ;  that  is  to  say  although  good 
results  may  be  obtained  with  chemically  prepared  pure  uric  acid,  there 
is  no  certainty  that  the  same  correctness  wUl  occur  with  the  urinary 
acid  as  separated  in  the  usual  way.  The  difficulty  is  caused  by  the 
complicated  character  of  the  urine  itself,  and  however  accurate  the 
■process  may  be  with  the  acid  in  a  separate  pure  state,  it  becomes  far 
less  reliable  when  such  method  is  applied  to  normal  or  abnormal 
urine.  The  precipitation  of  the  acid  in  combination  with  some  metal, 
such  as  silver  or  copper,  carries  with  it  also  the  so-called  alloxuric 
bases,  and  the  separation  by  hydrochloric  acid  contaminates  the 
precipitate  with  colouring  and  other  matters  which  militate  against  its 
accurate  estimation  with  permanganate.  I  am,  however,  of  the 
opinion  that  the  latter  metliod  is,  even  now,  one  of  the  l)est  for  a 
rapid  comparative  estimation  of  this  constituent. 

Metuod  of  Pbocedure:  200  c.c.  of  the  urine  are  put  into  an  evaporating 
basin  with  a  few  drops  of  concentrated  hydrochloric  acid,  and  evaporated  on  the 
water-bath  to  about  half  the  volume ;  it  is  then  transferred  to  a  closely-stoppered 
flask,  together  with  any  slight  precipitate  which  may  have  formed.  5  c.c.  of 
concentrated  hydrochloric  acid  are  then  added,  and  the  mixture  violently 
shaken  for  a  few  minutes..  It  is  then  allowed  to  settle  for  half  an  hour  and 
the  liquid  passed  through  a  small  filter  of  smooth,  hard  texture,  taking  care  to 
pass  as  little  as  })088ible  of  the  sediment  to  the  filter.  About  20  c.c.  of  cold 
water  are  then  added  to  the  precipitate  in  the  flask,  which  is  in  turn  paased 
through  the  filter.  The  filter  is  then  also  washed  with  about  the  same  quantity 
of  water ;  a  hole  is  then  made  at  its  apex,  and  the  small  quantity  of  iidhering 
precipitate  washed  into  the  original  flask.  Finally  about  10  c.c.  of  concentrated 
solution  of  caustic  potash  (1  :  10)  are  added  to  the  contents  of  the  flask  and 
lightly  warmed  until  a  clear  solution  is  obtained.  The  mixture  is  then  diluted 
with  about  100  c.c.  of  cold  water,  20  c.c.  of  dilute  sulphuric  acid  added  (1  :  5), 
and  the  titration  with  ^/lo  permanganate  carried  out  in  the  usual  manner. 

Another  form  of  the  permanganate  process  is  to  precipitate  the 
phosphates  from  100  c.c.  of  urine  Avith  sodium  carbonate.  The  filtrate 
is  mixed  with  5  c.c.  of  a  4  per  cent,  solution  of  copper  sulphate  and 
20  c.c.  of  a  solution  containing  10  per  cent,  each  of  Rochelle  salt  and 
sodium  thiosulphate.  The  precipitate  so  formed  is  filtered  off  and 
well  washed  with  distilled  water,  then  transferred  to  a  flask  with 
about  400  c.c.  of  water,  5  c.c.  of  sulphuric  acid  added,  and  the  uric 
acid  titrated  with  permanganate. 

No  absolute  weight  of  uric  acid  can  be  calculated  from  the  results, 
but  Mohr  assumes  that  each  c.c.  of  ^/^q  permanganate  =0*0075  gm. 
of  uric  acid  ;*  the  process  may,  however,  be  made  available  for 
pathological  jmrposes  })y  comparing  the  results  from  time  to  time 
with  the  urine  from  the  same  person. 

The  following  method  has  a  good  claim  to  accuracy  as  respects  the 
actual  amount  of  uric  acid  present  in  any  given  specimen  of  urine, 
}>ut  is  tedious.  It  is  based  on  the  fact  that  an  alkaline  solution  of 
uric  acid  reduces  Fehling  solution  in  the  same  way  as  glucose.  The 
method  is  worked  out  by  E.  Riegler  (Z.  a.  C,  1896,  31),  who  found 

•*  This  figure  lios  been  verified  by  F.  G.  Hopkins  (Allen's  Chemwtri/  o/ L'rine,  p.  171)« 
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that  an  average  of  miny  experiments  gave  0*8  gm.  of  reduced  copper 
for  1  gm.  of  uric  acid.  The  acid  is  first  sepirated  from  the  urine  as 
ammonium  urate  by  Hopkins'  method  : — 

Method  of  Paocbdube:  200  c.o.  of  urine  are  mixel  with  10  c.c.  of  a 
saturated  solution  of  sodium  carbonate,  allowed  to  stand  for  half  an  hour,  and 
filtered  from  the  precipitated  phosphates.  The  precipitate  is  washed  with  50  c.c. 
of  hot  water,  and  to  the  filtrate  and  wash-water  20  c.c.  of  a  saturated  solution 
of  ammonium  chloride  added.  The  liquid  is  well  stirred,  and  after  five  hours 
filtered,  preferably  through  a  Schleicher  and  Schiill  filter,  No.  597, 11  cm. 
The  precipitate  of  ammonium  urate  is  washed  with  50  c.c.  of  water,  and  then 
introduced  by  means  of  a  jet  from  a  washing-bottle  into  a  303  c.c.  beaker. 
Several  drops  of  potash  arc  added  to  clear  the  liquid,  then  60  c.c.  of  Fehling's 
solution,  and  the  whole  well  stirred.  The  beaker  in  then  heated  on  a  wire 
gauze  until  the  liquid  boils,  the  boiling  being  continued  for  five  minutes. 
When  the  precipitate  has  subsided,  the  liquid  is  filtered  through  a  small  tough 
filter  (Schleicher  and  SchUll,  No.  590,  9  cm.),  the  precipitate  well  wash^, 
and  dissolved  in  20  c.c  of  nitric  acid  (sp.  gr.  11),  the  filter  being  washed  with 
60  c.c  of  water. 

To  this  solution  dry  powdered  sodium  carbonate  is  added  little  by  little  until 
there  is  a  permanent  turbidity.  The  liquid  is  then  cleared  by  the  cautioa«» 
addition  of  dilute  sulphuric  acid,  and  made  up  to  100  c.c.  25  c.c  of  this  are 
placed  in  a  100  cc  flisk,  1  gm.  of  potassium  iodide  in  10  c.c.  of  water  added, 
allowed  to  stand  for  ten  minutes,  then  titrated  with  standard  thiosulphate 
solution  (1  c.c. =000i  gm.  uric  acid),  using  starch  as  the  indicator.  To  the  total 
amount  of  uric  acid  found  in  the  200  c.c.  of  urine,  an  additional  002 J  gm. 
should  be  added  to  allow  for  the  solubility  of  the  ammonium  urate  in  urine. 

The  standard  thiosulphate  solution  is  nude  by  diluting  126  c.c.  of 
^/lo  solution  to  500  c.c.     The  reaction  is  :  — 

2Cu(N03).^  +  4KI  =  GuJ.3  +  4KNO,4- 1.,. 

The  reduced  cuprous  oxide  may  also  be  weighed  tlirectly  or  reiluced 
to  metallic  copper,  as  in  the  estimation  of  sugar.  In  the  latter  case 
the  amount  of  coj)per,  multiplied  by  the  factor  1-25,  gives  the 
corresponding  amount  of  uric  acid. 

E.  H.  Bartley  (/.  Am.  C.  S.  1897,  649)  points  out  with  reason 
that  the  object  for  which  the  estimation  of  uric  acid  is  generally 
done  does  not  require  extreme  accuracy.  The  chief  acceptable 
i)rocess  ought  to  be  one  which  will  give  consonant  results  and 
which  can  be  quickly  accomplished,  and  though  not  absolutely  exact 
is  nevertheless  comparatively  exact.  The  method  proposed  by 
Bartley  is  based  to  some  extent  upon  previous  ones  by  Salkouski, 
Hay  craft,  etc.,  tliat  is  to  say,  the  uric  acid  is  precipitated  from  the 
urine  by  silver  nitrate  in  the  presence  of  an  excess  of  animoniacal 
magnesia  mixture. 

Method  of  Pbocbdubb:  To  50  or  100  c.c  of  the  clear  urine  add  5  cc.  of 
ordinary  magnesia  mixture  such  as  is  U'^ed  for  phosphate j,  and  abDut  10  c.c.  of 
ammonia  of  sp.  gr.  0*96,  this  must  be  in  excess.  Warm  the  mixture  on  the 
water-bath  and  add  from  a  burette  ^/so  silver  nitrite  until  a  drop  of  the  filtrate 
when  brought  into  contact  with  a  drop  of  weak  sodium  sulphide  solution  on 
a  white  plate  shows  a  dark  ring  or  cloud.  The  filtration  can  be  carried  out  with 
Beale's  filter  (fig.  23)  or  a  dropping  pipette  can  be  used,  the  end  of  which  is  tied 
over  with  cotton  wool.  The  clear  liquid  only  must  be  tested.  Each  c.c.  of  silver 
represents  000330  gm.  of  uric  acid,  and  the  number  of  c.c  used  (less  one  half 
of  a  c.c  for  each  50  cc.  of  urine)  when  multiplied  with  this  faotor  will  give  the 
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amount  of  uric  acid  iu  the  urine  examined.  The  half  c.c.  is  deducted  because 
it  takes  that  amount  of  silver  to  give  the  colour  with  50  c.c.  of  plain  water. 

As  soon  as  the  process  is  complete  the  precipitate  settles  freelj,  and  it  is 
advisable  to  test  a  drop  of  the  clear  solution  again.  The  ending  can  ako 
be  checked  by  adding  a  drop  of  the  silver  to  the  clear  supernatant  liquid 
to  see  whether  a  cloudiness  appears. 

There  being  no  excess  of  silver  in  the  hot  liquid  at  any  time  there  can  be  no 
reduction  of  the  silver.  If  after  the  titration  is  complete  the  mixture  be  allowed 
to  cool  to  ordinary  temperature  it  will  be  found  that  1  to  3  c.c.  more  silver  will 
be  required  to  give  the  colour  test,  and  this  Bart  ley  attributes  to  the  pre- 
cipitation of  xanthin  bases  by  the  silver  in  a  cold  solution,  and  which  does  not 
take  place  when  heated. 

J.  W.  Tunni cliff e  and  0.  Rosenheim  {Centralhl.  PhytsioL 
1897,  xi.  434)  publish  one  of  the  most  recent  methods,  and  which 
may  be  rapidly  performed  when  once  the  uric  acid  is  obtained  as 
ammonium  salt  by  Hopkins'  process.  The  crystals  obtained  l>y 
decomposing  the  urate  with  HCl,  are  washed  free  from  the  latter  on  a 
small  filter  with  repeated  small  proportions  of  water  to  remove  all 
HCl,  the  uric  acid  is  then  rinsed  into  a  flask  with  20  or  30  c.c.  of  hot 
water,  through  a  hole  made  in  the  filter,  and  is  ready  for  titration. 

Method  of  Pbocedure  :  This  depends  on  the  fact  that  piperidine  combines 
with  uric  acid  in  molecular  proportions  (4'25  gm.of  base  equal  8'4  gm.of  acid)  to 
form  a  soluble  salt.  A  ^/20  solution  of  the  former  is  prepared  by  dissolving 
about  4*2  gm.  of  piperidine  in  1  liter  of  water,  standardizing  it  on  hydrochloric 
acid  of  equivalent  strength,  pheuolphthalein  being  used  as  indicator.  The 
sample  of  uric  acid  sepanvled  from  ammonium  urate  as  above  described  is 
suspended  in  water,  heated  nearly  to  the  boiling-point,  and  the  reagent  run 
in ;  neutrality  being  shown  either  by  the  liquid  becoming  clear  or  by  the  use 
of  pheuolphthalein  as  before.  Although  the  solubility  of  the  urate  at  15"  is 
53  per  cent.,  it  is  better  to  employ  hot  solutions;  and  there  is  no  danger 
of  losing  any  piperidine  by  volatilization,  as  the  reaction  is  instantaneous. 

Dr.  Edmunds  sends  me  the  following  remarks  as  to  the  estimation 
of  uric  acid. 

1.  Chemical  uric  acid  differs  entirely  in  its  habitudes  from  urinary  uric  acid. 
Its  crystalline  form  is  always  uniform  as  chemical  uric  acid — colourless — and 
quite  different  from  urinary  uric  acid,  which,  as  got  from  urine,  is  always  coloured 
yellow-brown,  and  is  protean  in  its  crystalline  forms. 

2.  The  problem  of  titrating  chemical  uric  acid— or  pure  uric  acid — is  not 
quite  the  same  as  that  of  titrating  the  uric  acid  in  luine.  I  am  not  yet  able 
to  say  in  what  the  difference  consists,  and  I  have  often  crystallized  pure  uric 
acid  out  of  iron  and  other  solutions,  but  have  never  been  able  to  colour  uric 
aoid,  nor  to  get  it  to  crystallize  again  like  urinary  uric  acid.  The  only  way 
in  which  I  have  succeeded  i.s  to  add  an  alkaline  solution  of  chemical  urate  of 
potash  to  a  urine  out  of  which  I  had  precipitated  all  its  uric  acid  with  HCl. 
In  that  way  1  found  that  the  uric  acid  took  ui>  from  the  urine  something  which 
gave  it  the  colouration  and  the  protean  cryslJilline  form  of  urinary  uric  acid. 
I  have  thought  that  urinary  uric  acid  is  really  a  combination  of  chemical  uric 
acid  with  some  animal  baso  or  colourant  of  urine. 

3.  To  i)urify  urinary  uric  acid  it  should  be  dissolved  (and  thrown  out  by 
dilution)  iu  H2SO4  three  successive  times.  In  titrating  this  with  permanganate 
I  am  not  prepareil  to  give  you  the  rea<;tion,  but  the  ])ractical  point  is  that, 
as  the  pormauKanate  goes  in  by  dro])s,  it  is  instantly  decolourized  as  long  as 
there  is  any  uric  acid  present,  and  the  end-point  is  marked  quite  distinctly  (if 
vou  are  on  the  look  out  for  it)  by  a  certain  hang  or  hesitation  in  the  decolouriza- 
tion  of  the  permangjinate. 

4.  Tokker's  process,  as  modified  by  Hopkins,  is,  I  think,  the  best.    The 
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Maturation  with  pure  NH4CI  of  an  acid  niine  (which  should  bo  freshly  passed 
and  filtered  at  120")  throws  out  all  the  uric  acid  as  ammonium  urate.  This  is 
well  set  out  in  Allen's  Chemistry  of  Urine,  j^.  168.  But  much  of  the  work 
does  not  say  whether  the  processes  have  been  worked  out  on  the  chemical 
uric  acid  or  on  the  natural  uric  acid,  freshly  obtained  from  urine.  What  we 
liave  to  deal  with  in  medicine  is  that  coloured  protean  crystalline  substance 
which  comes  out  constantly  from  urines  on  adding  pure  strong  HCl  and 
setting  aside  for  forty-eight  hours.  That  is  what  we  get  in  the  uric  acid 
diathesis,  in  gout,  and  in  calculi. 

For  the  estimation  of  uric  acid  I  set  aside  100  c.c.  of  fresh  urine,  filtered  at 
about  120°  F.,  and  acidify  it  with  5%  oi  pure  strong  hydrochloric  acid.  At  the 
end  of  forty-eight  hours  a  deposit  of  uric  acid  will  be  seen  at  the  bottom  of 
the  tube,  and  from  this  a  very  good  idea  is  gained  of  the  uric  acid  in  the 
urine.  If  closer  quantification  be  wanted,  the  uric  acid  is  collected  on  a 
small  fine  filter  piper,  washed  with  a  few  centimeters  of  ice-cold  distilled  water, 
then  dried  and  weighed,  with  deduction  for  the  filter  p&per,  and  with  addition 
for  the  uric  acid  dissoUed  in  the  105  c.c.  of  acid  urinary  mother-liquor.  The 
amount  of  uric  acid  contained  in  the  105  c.c.  of  liquid  would  depend  upon  the 
temperature  before  and  at  the  time  of  filtration.  At  83*  F.  it  would  contain 
only  some  2  m  ?m.,  at  68"  F.  it  would  contain  6  m.gm.,  at  212"  F.  it  would 
contain  62" 5  m.jmi. 

9.    Estimation  of  Ijime  and  Magnesia. 

Method  of  Procedure  :  100  c.c.  of  the  urine  are  precipitated  with 
ammonia,  the  precipitate  re-dissolved  in  acetic  acid,  and  suf^cient  ammonium 
oxalate  added  t^  precipitate  all  the  lime  present  a<i  oxalate.  The  precipitate  is 
allowed  to  settle  in  a  warm  place,  then  the  clear  liquid  passed  through  a  small 
filtar,  the  precipitate  brought  upon  it,  washed  with  hot  water,  the  filtrate  and 
washings  set  aside,  then  the  precipitate,  together  with  the  filter,  pushed  through 
the  funnel  into  a  fiask,  some  sulphuric  acid  added,  the  liquid  freely  diluted,  and 
titrated  with  permanganate,  precisely  as  in  §  52 ;  each  c.c.  of  ^/lo  permanganate 
required  represents  00028  gm  of  CaO. 

Or  the  following;  nietliod  may  Iw  ntlopted  : — 

The  precipitate  of  calcium  oxalate,  after  being  washed,  is  dried,  and  together 
with  the  filter,  ignited  in  a  platinum  or  porcelain  crucible,  by  which  means  it 
is  converted  into  a  mixture  of  calcium  oxide  and  carbonate.  It  is  then  transferred 
to  a  flask  by  the  aid  of  the  wa«»hing- bottle,  and  an  excess  of  ^/lo  nitric  acid 
delivered  in  with  a  pipette.  The  amount  of  acid,  over  and  above  what  is 
required  to  saturate  the  lime,  is  found  by  ^/lo  caustic  alkali,  each  c.c.  of  acid 
being  equal  to  0  0028  gm.  of  CaO. 

Ill  examining  urinary  sediment  or  calculi  for  calcium  oxalate,  it  is 
first  treated  with  caustic  pota.sh  to  remove  uric  acid  and  organic 
matter,  then  dissolved  in  suljihuric  acid,  freely  diluted,  and  titrated 
with  permanganate  ;  each  c.c.  of  ^ Iiq  solution  represents  0*0054  gm. 
of  calcium  oxalate. 

Magnesia. — The  filtrat<>  and  washings  from  the  precipitate  of 
calcium  oxalate  are  evaporat^«l  on  the  water-bath  to  a  small  bulb,  then 
made  alkaline  with  ammonia,  sodium  phosphate  added,  and  set  aside 
for  8  or  10  hours  in  a  cool  i>lace,  that  the  magnesia  may  separate  as 
ammonio-magnesium  pho.si)hate.  The  supernatant  liquid  is  then 
l»assed  through  a  small  filter,  the  precipitate  l)rought  upon  it,  washed 
with  ammoniacal  water  in  the  cold,  and  dissolved  in  acetic  acid,  then 
titrateil  with  uranium  solution,  as  in  §  73  ;  wich  c.c.  of  solution 
required  rejiresents  00028 15  gni.  of  magnesia. 
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10.    Ammonia. 


S95. 


The  method  hitherto  applied  to  the  det«nniiiatian  of  free  a 
and  its  salts  in  urine  ia  that  of  Schlosing,  which  consiata  in  placing 
a  meaaured  quantity  of  tlie  urine,  to  which  millc  of  Hme  i8  previously 
added,  under  an  air-tight  bell-glasa,  together  with  an  open  vesael 
containing  a  meaaiued  quantity  of  titrated  acid.  In  the  course  of 
from  24  to  36  hours  all  the  ammonia  wUl  have  passed  out  of  the 
urine  into  the  acid,  which  is  then  titrated  with  standard  alkali  to  find 
the  amount  of  ammonia  absorbed. 

One  great  objection  to  this  method  is  the  length  of  time  required, 
since  no  heating  must  be  allowed,  urea  being  decomposed  into  frea 
ammonia  when  heated  with  alkali.  There  is  also  the  unceriiainty  as 
to  the  completion  of  the  process ;  and  if  the  vessel  be  opened  before 
the  absorption  is  perfect,  the  analysis  is  spoiled. 

Another  method  which  gives  good  results,  and  occupiea  only  a  short 
time,  has  been  devised  by  C.  Wurster  {Cenlralhlatt.  f.  Phyatologie, 
Dec.  1887).  Tlie  ap^joratus  necessary  for  it  is  shown  in  Fig.  59. 
The  principle  of  the  method  is  the  same  as  Schlosing's,  but  the 
liberation  of  ammonia  is  liastencd  by  increase  of  temperature  under 
reduced  atmospheric  pressure. 

As  is  well-known,  urea  is  decomposed  when  urine  is  boiled  with 
caustic  alkali  or  alkaline  earth  into  ammonium  carbonate,  but  if  the 
operation  is  carried  on  at  50°  C.  and  in  a  partial  vacuum,  practically 


Fig.  69. 


no  such  decomposition  occurs.  In  fact  an  artificial  solution  of  urea, 
gives  off  no  ammonia,  even  when  evaporated  to  near  dryness  with, 
barium,  calcium,  or  magnesium  hydrate,  in  a  vacuum  at  50°  C. 
Owing  to  the  production  of  much  froth  when  urine  is  heated  with 
baryta  or  lime  in  reiluced  pressure,  one  flask  for  distillation  is  not 
enough,  although  it  may  I>e  reduced  to  some  extent  by  adding  some 
high-boiling  hydro-carbon  such  as  paraffin  or  toluol ;  but  a  much  safer 
plan  is  to  use  two  flasks  as  shown  in  the  figure,  or  in  using  only  a 
small  quantity  of  urine  two  good-sized  boiling  tuliea  will  suffice.     The 
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boiling-flask  dips  a  small  way  into  the  water  and  the  second  flask 
rests  on  the  bottom  of  the  lith ;  the  tube  with  stop-cock  or  burette 
clip,  which  simply  enters  below  the  rubber  stopper  in  this  flask, 
allows  air  to  enter  when  the  oi)eration  is  ended  so  as  to  clear  out 
every  trace  of  ammonia.  The  absorption  tube  containing  standard 
acid  must  be  rather  long  in  the  side  tubes,  and  the  whole  must  be 
immersed  in  a  beaker  of  cold  water.  The  delivery  end  of  this  tube  is 
connected  with  an  efficient  water  pump,  and  of  course  all  connections 
must  be  perfectly  tight. 

MsTHOO  OF  Pboceduhe  :  10  to  20  CO.  of  the  urine  with  10  1o  20  c.c.  of 
full  strength  barium  hydrate  or  lime  solution,  with  a  little  water,  are  placed 
in  the  distilling  flask,  and  the  water-bath  gradually  heated  up  to  SO**  C,  and 
the  whole  apparatus  is  covered  with  a  cloth  to  avoid  re^i^urgitation  from  cold 
air.  When  two-thirds  of  the  distilling  liquid  has  passed  over  the  ammonia 
will  have  been  all  absorbed  by  the  standard  acid,  and  the  valve  or  stop-cock 
may  be  opened  while  the  pump  is  still  working  so  a.s  to  clear  away  the  last 
traces  of  vapour. 

The  method  can  l)e  used  for  other  liquids  than  urine. 

The  following  methotl  is  available  in  some  cases  : — 
When  a  solution  containing  salts  of  ammonia  is  mixed  with  a 
measured  quantity  of  free  fixed  alkali  of  known  strength,  and  l)oiled 
until  ammoniacal  gas  ceases  to  be  evolved,  it  is  found  that  the 
resulting  liquid  has  lost  so  much  of  the  free  alkali  as  corresponds  to 
the  ammonia  evolved  (§  19) ;  that  is  to  say,  the  acid  which  existed  in 
combination  with  the  ammonia  in  the  original  liquid  has  simply 
changed  places,  taking  so  much  of  the  fixed  alkali  (potash  or  soda)  as 
is  equivalent  to  the  ammonia  it  has  left  to  go  free.  In  the  case  of 
urine  l)eing  treated  in  this  way,  the  urea  will  also  be  decomposed  into 
free  ammonia,  but  happily  in  such  a  way  as  not  to  interfere  with  the 
estimation  of  the  original  amount  of  ammoniacal  salts.  The  decom- 
position is  such  that,  wliile  free  ammonia  is  evolved  from  the  splitting 
up  of  the  urea,  carbonate  of  fixed  alkali  (say  potash)  is  formed  in  the 
boiling  liquid,  and  as  this  reacts  equally  as  alkaline  as  though  it  were 
free  potash,  it  does  not  interfere  in  the  slightest  degree  with  the 
estimation  of  the  original  ammonia. 

Method  of  Pkocbuube  :  100  c.c.  of  the  urine  are  exactly  neutralized  with 
^lio  soda  or  potash,  as  for  the  estimation  of  free  acid ;  it  is  then  put  into  a  flask 
capable  of  holding  five  or  six  times  the  quantity ;  10  c.c.  of  normal  alkali  added, 
and  the  whole  brought  to  boiling,  taking  care  that  the  bladders  of  froth  which 
at  first  form  do  not  boil  over.  After  a  few  minutes  these  subside,  and  the 
boiling  proceeds  quietly.  When  all  ammoniacal  fumes  are  dissipated,  the 
lamp  is  removed,  and  the  flask  allowed  to  cool  slightly;  the  contents  then 
emptied  into  a  beaker,  and  normal  nitric  acid  delivered  in  from  the  burette 
witn  constant  stirring,  until  a  fine  gUas  rod  or  small  feather  dipped  in  the 
mixture  and  brought  in  contact  with  violet-coloured  litmus  paper  produces 
neither  a  blue  nor  a  red  spot.  The  number  of  c.c.  of  normal  acid  are  deducted 
from  the  10  c.c.  of  alkali,  and  the  rest  calculated  as  ammonia.  1  c.c.  of 
alkalis 0017  gm.  of  ammonia. 

It  must  he  borne  in  mind,  that  the  plan  just  described  is  not  applicable  to 
urine  which  has  always  suffered  decomposition  by  a^e  or  other  circumstances  so 
as  to  contain  ammonium  carbonate ;  in  this  case  it  would  be  preferable  to  adopt 
the  Wurster  or  SchlOsing  method. 
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11.    Estimation  of  Free  Acid. 

The  acidity  of  urine  is  doubtless  owing  to  variable  substances, 
among  the  most  prominent  of  which  appear  to  be  acid  sodium  plios- 
phate  and  lactic  acid.  Other  free  organic  acids  are  probably  in  many 
cases  present.  Under  tliese  circumstances,  the  degree  of  acidity 
cannot  be  j)laced  to  the  account  of  any  particular  body ;  nevertheless, 
it  is  frequently  desimblo  to  ascertain  its  amount,  which  is  best  done 
as  follows : — 

lOO  CO.  of  urine  are  measured  into  a  beaker,  and  ^/so  alkali  delivered  in  from 
a  small  burette,  until  a  thin  glass  rod  or  feather,  moistened  with  the  mixture 
and  streaked  across  some  well-prepared  violet  litmus  paper,  produces  no  change 
of  colour ;  the  degree  of  acidity  is  then  registered  as  being  equal  to  the  quantity 
of  alkali  used. 

The  method  of  Gautier  gives  accurate  residts  in  which  the  lurine 
is  made  alkaline  by  standard  caustic  soda  in  known  quantity,  and  the 
phosphates  and  other  salts  precipitated  by  neutral  barium  chloride. 
The  liquid  is  made  up  to  a  definite  volume  with  distilled  water,  and 
when  settled  an  aliquot  ])ortion  is  titrated  with  standard  acid  and 
phenolphthalein. 

12.    Estimation  of  Albumen. 

The  accurate  estimation  of  this  substance  is  difficult  and  trouble- 
some.    The  best  process  is  perhaps  that  recommended  by  M6hu. 

Method  of  Pbocedube  :  100  c.c.  of  the  urine  are  slightly  acidified  with 
acetic  acid,  2  c.c.  of  strong  nitric  acid  are  added  and  the  mixture  thoroughly 
agitated.  10  c.c.  of  a  mixture  of  solid  carbolic  acid  1  part,  acetio  acid  1  part, 
and  alcohol  2  parts  are  then  added,  and  the  whole  well  stirred  for  a  few  minutes. 
The  precipitate  is  collected  on  a  small  filter  and  washed  with  a  cold  aqueous 
solution  of  4  per  cent,  of  carbolic  acid,  when  fully  washed  the  filter  is  dried,  and 
together  with  the  paper  the  precipitate  is  treated  by  the  Ej  eld  ah  I  process,  and 
the  nitrogen  obtained  is  multiplied  by  6*3  for  albumen.  The  presence  of  sugar 
or  much  mineral  salts  do  not  affect  the  accuracy  of  result**. 

[  13.    Estimation  of  Soda  and  Potash. 

50  c.c.  of  urine  are  mixed  with  the  same  quantity  of  baryta  solution  (see 
§  95.3),  allowed  to  stand  a  short  time,  and  filtered;  then  80  c.c.  (=40  c.c. 
urine)  measured  into  a  platinum  dish  and  evaporated  to  dryness  in  the  water- 
bath  ;  the  residue  is  then  ignited  to  destroy  all  organic  matter,  and  when 
cold  dissolved  in  a  small  quantity  of  hot  water,  ammonium  carbonate  added  so 
long  as  a  precipitate  occurs,  filtered  through  a  small  filter,  the  precipitate 
washed,  the  filtrate  acidified  with  hydrochloric  acid  and  evaporated  to  dryness^ 
then  cautiously  heated  to  expel  all  ammoniacal  salts.  The  residue  is  then 
treated  with  a  little  water  and  a  few  drops  each  of  ammonia  and  ammonium 
carbonate,  filtered,  the  filter  thoroughly  washed,  the  filtrate  and  washings 
received  into  a  tared  platinum  dish,  then  evaporated  to  dryness,  ignited,  cooled, 
and  weighed. 

By  this  means  the  total  amount  of  mixed  sodium  and  potassium 
chlorides  is  obtained.  The  i)roportion  of  each  is  found  by  titrating 
for  the  chlorine  as  in  §  41,  and  ca.lculating  as  directed  on  page  144, 
or  the  soda  may  be  estimated  direct  by  Fen  ton's  method  (§  17.9). 
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14.    Estimation  of  Total  Nitrogen. 

This  can  now  be  easily  accomplished  by  Kjeldahl's  method 
(§  19.6)  and  is  especially  serviceable,  since  it  has  been  found  that  the 
results  of  the  titration  method  for  urea  by  Liebig's  process,  either  in 
its  original  way  or  by  subsequent  modifications,  cannot  give  the  true 
data  for  calculating  the  total  nitrogen  in  any  given  specimen  of  urine. 

Method  of  Procedure  :  5  o.c.  of  urine  of  average  concentratioD  are 
measured  into  a  flask  holding  about  300  o.c,  together  with  10  o.c.  of  sulphuric 
acid,  then  gradually  heated  to  boiling,  and  the  heat  continued  until  all  vapour 
and  gases  are  f?iven  ofiT  and  the  fluid  possesses  a  clear  yellow  tint.  25  to  30 
minutes  generally  suffices  unless  sugar  is  present  in  tolerable  quantity,  in 
which  case  mercuric  oxide  and  potassium  sulphate  must  be  used,  and  perhaps 
more  sulphuric  acid.  The  flask  is  then  suffered  to  cool,  the  liquid  diluted,  and 
distilled  with  caustic  soda  and  zinc  as  described  in  §  19.6. 

ANALYSIS    OF  NATUBAL  WATERS   AND 

SEWAGE. 

§  96.  The  analysis  of  natural  waters  and  sewage  has  for  a  long 
period  received  the  attention  of  chemists,  but  until  the  last  few  years 
no  methods  of  examination  have  been  produced  which  could  be  said 
to  satisfy  the  demands  of  those  who  have  been  interested  in  the 
subject  from  various  points  of  view.  The  researches  of  Frank  land 
and  Armstrong,  Miller,  Wanklyn,  Tidy,  Crookes,  Dewar,  and 
others,  have,  however,  now  brought  the  whole  subject  into  a  more 
satisfactory  form,  so  tliat  it  may  fairly  be  said  that,  as  regards 
accuracy  of  chemical  processes,  or  interpretation  of  results  from 
a  chemical  and  sanitary  point  of  view,  very  little  addition  is  required. 
Considerable  space  will  be  devoted  to  the  matter  here ;  and  as  most 
of  the  processes  are  now  volumetric,  and  admit  of  ready  and  accurate 
results,  the  general  subject  naturally  falls  within  the  scope  of  this 
work.  Care  has  been  taken  to  render  the  treatment  of  the  matter 
practical  and  trustworthy. 

The  bacteriological  examination  of  waters  has  now  been  largely 
developed  and  undoubtedly  is  of  the  greatest  importance,  especially 
with  the  filtered  waters  derived  from  rivers,  lakes,  and  other  sources 
liable  to  be  contaminated  with  unoxidized  surface  or  drainage 
impurities.  Tliis  book  has,  however,  nothing  to  describe  but  chemical 
methods,  and  therefore  no  further  mention  of  bacterial  investigation 
will  be  made. 

The  following  processes  mainly  originateil  by  Frankland  and 
Armstrong  necessitate  the  use  of  special  materials  and  ap])aratus : 
the  preparation  and  arrangement  of  these  will  be  described  at  some 
length  previous  to  the  introduction  of  the  general  su])ject. 

THE  PBEPABATION  OF  BEAGENTS. 

A.    Beagents  required  for  the  Estimation  of  Nitrogen 

present  as  Ammonia. 

(a)  Nessler's  Solution. — Dissolve  62*5  gm.  of  i)otassium  iodide 
in  about  250  c.c.  of  distilled  water,  set  aside  a  few  c.c,  and   add 
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gradually  to  the  larger  part  a  cold  saturated  solution  of  mercuric 
chloride  until  the  mercuric  iodide  precipitated  ceases  to  be  redissolvod 
on  stirring.  WHien  a  permanent  precipitate  is  obtained,  restore  the 
reserved  potassiimi  iodide  so  as  to  redissolve  it,  and  continue  adding 
mercuric  cliloride  very  gradually  until  a  slight  precipitate  remains 
undissolved.  (The  small  quantity  of  potassium  iodide  is  set  aside 
merely  to  enable  the  mixture  to  be  made  rapidly  without  danger  of 
adding  an  excess  of  mercury.) 

Next  dissolve  150  gm.  of  solid  potassium  hydrate  (that  usually  sold 
in  sticks  or  cake^)  in  150  c.c.  of  distilled  water,  allow  the  solution  to 
cool,  add  it  gradually  to  the  above  solution,  and  make  up  with  distilled 
water  to  one  liter. 

On  standing,  a  brown  precipitate  is  deposited,  and  the  solution 
becomes  clear,  and  of  a  pale  greenish-yellow  colour.  It  is  ready  for 
use  as  soon  as  it  is  perfectly  clear,  and  should  be  decanted  into 
a  smaller  bottle  as  required. 

(/3)  Standard  solution  of  ammonium  chloride. — Dissolve  1  '9107  gm. 
of  pure  dry  ammonium  cliloride  m  a  liter  of  distilled  water ;  of  this 
take  100  c.c,  and  make  up  to  a  liter  with  distilled  water.  The  latter 
solution  wiU  contain  ammonia  corresponding  to  0*00005  gm.  of  nitrogen 
in  each  c.c.  In  use  it  should  be  measured  from  a  narrow  burette 
of  10  c.c.  capacity  divided  into  tenths. 

[If  it  is  desired  to  estimate  "  ammonia  "  rather  than  "  nitrogen  a*  ammonia  " 
take  1*5735  gm.  of  ammonium  chloride  instead  of  1*9107  gm. ;  1  o.c.  will  then 
correspond  to  0*00005  gm.  of  ammonia  (NH3).] 

(y)  Sodium  carbonate. — Heat  anhydrous  sodium  carbonate  to 
redness  in  a  platinum  crucible  for  about  an  hour,  taking  care  not  to 
fuse  it.  While  still  warm  nib  it  in  a  clean  mortar  so  as  to  break  any 
lumps  which  may  have  been  formed,  and  transfer  to  a  clean  dry  wide- 
mouthed  stoppered  bottle. 

(3)  Water  free  from  Ammonia. — If,  when  1  c.c.  of  Nessler's 
solution  (A.  a)  is  added  to  100  c.c.  of  distilled  water  in  a  glass 
cylinder,  standing  on  a  white  surface  (see  Estimation  of  Ammonia), 
no  trace  of  a  yellow  tint  is  visible  after  five  minutes,  the  water  is 
sufficiently  pure  for  use.  As,  however,  this  is  rarely  the  case,  the 
following  process  must  usually  be  adopted.  Distil  from  a  large  glass 
retort  (or  better,  from  a  copper  or  tin  vessel  holding  15 — 20  liters) 
ordinary  distilled  water  which  has  been  rendered  distinctly  alkaline 
by  addition  of  sodium  carbonate.  A  glass  Liebig's  condenser  or 
a  clean  tin  worm  should  be  used  to  condense  the  vapour;  it  should 
be  connected  to  the  still  by  a  short  india-rubl)er  joint.  Test  the 
distillate  from  time  to  time  with  Nessler\s  solution,  as  above 
described,  and  when  free  from  ammonia  collect  the  remainder  for  use. 
The  distillation  must  not  be  carried  to  dryness.  Ordinary  water  may 
be  used  instead  of  distilled  water,  but  it  occasionally  continues  for 
some  time  to  give  otf  tmces  of  ammonia  by  the  slow  decomposition  of 
the  organic  matter  present  in  it. 

J.  Barnes  (/.  S.  C.  I.  1896,  xv.  254-255)  has  pointed  out  tliat 
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distilled  water  can  be  completely  freed  from  ammonia  by  atUliug 
a  little  bromine  and  boiling  for  a  few  minutes.  More  rapid  is  the 
action  of  alkaline  hyjwbromite  in  the  cold.  Enough  bromine  is  added 
to  the  water  to  give  it  a  perceptible  tint,  and  then  a  drop  of  sodium 
hydroxide  solution ;  after  ten  minuter,  a  little  iK)tas8ium  ioilide  is 
added  to  remove  the  undecomposed  hypobromite,  and  the  water  is 
then  fit  for  use  in  the  estimation  of  ammonia  by  Xessler's  test. 

B.    BeagentB  required  for  the  Estimation  of  Organic 

Carbon  and  Nitrogen. 

(a)  Water  free  from  Ammonia  and  Organic  Matter. — Distilled 
water  to  whicli  1  gm.  of  potassium  hydrate  and  0*2  gm.  of  jMjtassium 
permanganate  \)eT  liter  liave  l>een  added,  is  boile<l  gently  for  alx)ut 
twenty-four  hours  in  a  similar  vessel  to  that  used  in  preparing  water 
free  horn  ammonia  (A.  5),  an  inverted  condenser  being  so  arranged  as 
to  return  the  condensed  water.  At  the  end  of  that  time  the  condenser 
is  adjusted  in  the  usual  way,  and  the  water  carefully  distilled,  the 
distillate  being  tested  at  intervals  for  ammonia,  as  in  preparing  A.  3. 
When  ammonia  is  no  longer  found  the  remainder  of  the  distillate 
may  be  collected,  taking  care  to  stop  short  of  dryness.  The  neck  of 
the  retort  or  still  shouM  point  slightly  upwards,  so  that  the  joint 
which  connects  it  with  the  condenser  is  the  highest  point.  Any 
I)articles  carried  up  mechanically  will  then  run  back  to  the  still,  and 
not  contaminate  the  distillate.  The  water  thus  obtained  should  then 
be  rendered  slightly  acid  with  sulphuric  acid,  and  re-distilled  from 
a  clean  vessel  for  use,  again  stopping  short  of  dr}'ness. 

(/3)  Solution  of  sulphurous  acid. — Sulphurous  anhydride  is  pre- 
l^ared  by  the  action  of  pure  sulphuric  acid  ujMjn  cuttings  of  clean 
metallic  copper  which  have  been  digested  in  the  cold  with  concentrated 
sulphuric  acid  for  twenty -four  hours,  and  then  washed  with  water. 
The  gas  is  made  to  bubble  through  water  to  remove  mechanical 
impurities,  and  then  conducted  into  water  free  from  ammonia  and 
organic  matter  (B.  a)  until  a  saturated  solution  is  obtained. 

(y)  Solution  of  hydric  sodium  sulphite. — Sulphurous  anhydride, 
prepared  and  washed  as  alx)ve,  is  passed  into  a  solution  of  sodium 
carbonate  made  by  diss<jlving  ignited  sodium  carbonate  (A.  X)  in 
water  free  from  ammonia  and  organic  matter  (B.  a).  The  gas*  is 
passed  until  carbonic  anhydride  ceases  to  l)e  evolved. 

(X)  Solution  of  ferrous  chloride. — Pure  crystallized  ferrous  suli)hate 
is  dissolved  in  water,  precipitated  by  sodium  hydrate,  the  precipitate 
well  washed  (using  pure  water  B.  a  for  the  last  washings)  and 
dissolved  in  the  smallest  possible  quantity  of  pure  hydrochloric  acid. 
Two  or  three  drops  must  not  contain  an  ai)preciable  quantity  of 
ammonia.  It  is  convenient  to  keep  the  solution  in  a  bottle  with 
a  ground  glass  cap  instead  of  a  stopper,  so  that  a  small  dropjung  tube 
may  be  kept  in  it  always  ready  for  use. 

(c)  Cupric  oxide. — Prepared  by  heating  to  redness  with  free 
access  of  air,  on  the  hearth  of  a  reverberatory  furnace,  or  in  a  muffle, 
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copper  wire  cut  into  short  pie<ies,  or  copper  sheets  cut  into  strips. 
That  which  has  been  made  by  calcining  the  nitrate  cannot  be  used,  as 
it  appears  to  be  impossible  to  expel  the  last  traces  of  nitrogen.  After 
use,  the  oxide  should  be  extracted  by  breaking  the  combustion  tube, 
rejectuig  the  portion  which  was  mixed  with  the  substance  examined. 
As  soon  as  a  suificient  quantity  has  been  recovered,  it  should  be 
recalcined.  This  is  most  conveniently  done  in  an  iron  tube  about 
30  m.m.  in  internal  diameter,  and  about  the  same  length  as  the 
combustion  furnace.  One  end  should  be  closed  with  a  cork,  the 
cupric  oxide  poured  in,  the  tube  placed  in  the  combustion  funiace 
(which  is  tilted  at  an  angle  of  about  15°,  so  as  to  produce  a  current  of 
air),  the  cork  removed,  and  the  tube  kept  at  a  re<l  heat  for  about  two 
hours.  In  a  Hofmann's  gas  furnace,  with  five  rows  of  burners,  two 
such  tubes  may  be  heated  at  the  same  time  if  long  clay  burners  are 
placed  in  the  outer  rows,  and  short  ones  in  the  three  inner  rows.  If 
the  furnace  has  but  three  rows  of  burners,  a  rather  smaller  iron  tube 
must  be  used.  When  cold,  the  oxide  can  easily  be  extracted,  if  the 
heat  has  not  been  excessive,  by  means  of  a  stout  iron  wire,  and  should 
be  kept  in  a  clean  dry  stoppered  bottle.  Each  parcel  thus  calcined 
should  invariably  be  assayed  by  filling  with  it  a  combustion  tube  of 
the  usual  size,  and  treating  it  in  every  respect  as  an  ordinary  com- 
bustion. It  should  yield  oidy  a  very  minute  bubble  of  gas,  which 
should  be  almost  wholly  absorbed  by  potassium  hydrate.  (The 
quantity  of  CO2  found  should  not  correspond  to  more  than  0*00005  gm. 
of  C,  otherwise  the  oxide  must  l)e  recalcined).  The  finer  portions  of 
the  oxide  should,  after  calcining,  be  sifted  out  by  means  of  a  sieve  of 
clean  copper  gauze,  and  reserved  for  use  as  described  hereafter. 

New  cupric  oxide  as  obtained  from  the  reverberatory  furnace  should 
be  assayed,  and  if  not  sufficiently  pure,  as  is  most  likely  the  case, 
calcined  as  above  described,  and  assayed  again. 

(f)  Metallic  copper. — Fine  copper  gauze  is  cut  into  strips  about 
80  m.m.  wide,  and  rolled  up  as  tightly  as  possible  on  a  copper  wire  so 
as  to  form  a  compact  cylinder  80  m.m.  long.  This  is  next  covered 
with  a  tight  case  of  moderately  thin  sheet  copper,  the  edges  of  which 
meet  without  overlapping.  The  length  of  the  strip  of  gauze,  and  the 
consequent  diameter  of  the  cylinder,  must  be  regulated  so  that  it  will 
fit  easily,  but  not  too  loosely  in  the  com})ustion  tubes.  A  sufficient 
number  of  these  cylindei's  being  prepared,  a  piece  of  combustion  tube 
is  filled  with  them,  and  they  are  heated  to  redness  in  the  furnace,  a 
current  of  atmospheric  air  being  j)assed  through  them  for  a  few 
minutes  in  order  to  burn  off  organic  impurity,  and  coat  the  copper 
gauze  su])erficially  with  oxide.  A  current  of  hydrogen,  dried  by 
passing  through  strong  sulphuric  acid,  is  then  substituted  for  the  air, 
and  a  red  heat  maintained  until  hydrogen  issues  freely  from  the  end 
of  the  tub(!.  It  is  then  allowed  to  cool,  the  current  of  hydrogen  being 
continued,  and  when  cold  the  copper  cylinders  are  removed,  and  kept 
in  a  stoppered  l)ottle.  After  l>eing  used  several  times  they  must  be 
heated  in  a  .^trt^am  of  liyilr<»;,'(Mi  as  before,  and  an;  then  again  ready  foi 
use.     The  hcatiii^Lj  in  air  need  not  be  rei)eated. 
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(jl)  Solution  of  potassium  bicliromate. — This  is  used  as  a  tost  for 
and  to  absorb  sulphurous  anhydride  whicli  may  be  present  in  the  gas 
obtained  bv  combustion  of  the  water  residue.  It  should  be  saturated, 
and  does  not  require  any  special  attention.  The  yellow  neutral 
ehromate  may  also  be  used,  but  must  be  rendered  slij^htly  acid,  lest  it 
should  absorb  carbonic  as  well  as  sulphurous  anhydride. 

(0)  Solution  of  potassium  hydrate. — A  cold  saturated  solution, 
made  by  dissolving  solid  i)otassium  hydrate  in  distilled  water. 

(i)  Solution  of  pyrogallic  acid. — A  cold  saturated  solution,  made 
by  dissolving  in  distilled  water,  solid  pyrogallic  acid  ol)tained  by 
sublimation. 

(k)  Solution  of  cuprous  chloride. — A  saturated  solution  of  cupric 
chloride  is  rendered  strongly  acid  with  hydrochloric  acid,  a  quantity 
of  metallic  copj)er  introduced  in  the  form  of  wire  or  turnings,  and  the 
whole  allowed  to  stand  in  a  closely  stop] k» red  bottle  until  the  solution 
becomes  colourless. 

(X)  Oxygen. — Blow  a  bulb  of  about  30  c.c.  cajiacity  at  the  end  of 
a  piece  of  combustion  tul)e,  and  draw  out  the  tube  so  that  its  internal 
diameter  for  a  length  of  about  30  m.m.  is  about  3  m.m.  This  is  done 
in  order  that  the  capacity  of  the  ai)i)aratU8  a])art  from  the  bulb  may 
l)e  as  small  as  possible.  Cut  the  tube  at  the  wide  part  about  10  m.m. 
from  the  point  at  which  the  narrow  tube  commences,  thus  leaving  a 
small  funnel-shaped  mouth.  Then  introduce,  a  little  at  a  time,  dried, 
coarsely  i)owdered,  {)otassium  chlorate  until  the  bulb  is  full.  Cut  off 
the  funnel,  and,  at  a  distance  of  100  m.m.  from  the  bulb,  bend 
the,  tube  at  an  angle  of  45^,  and  at  10  m.m.  from  the  end  Ijend 
it  at  right-angles  in  the  ojjposite  direction.  It  then  forms  a  retort 
and  delivery  tube  in  one  piece,  and  must  be  adjusted  in  a  mercury 
trough  in  the  usual  manner,  taking  care  that  the  end  does  not  dip 
deeper  than  about  20  m.m.  l)elow  the  surface,  as  otherwise  the 
pressuri*  of  so  great  a  column  of  mercury  might  destroy  the  bulb 
when  softened  by  heat.  On  gently  heating,  the  potassium  chlorate 
fuses  and  evolves  oxygen.  The  escaping  gas  is  collected  in  test  tubes 
alxmt  150  m.m.  long  and  20  m.m.  in  diameter,  rejecting  the  first  60 
or  80  c.c,  which  contain  the  nitrogen  of  the  air  originally  in  the 
bulb  retort.  Five  or  more  of  these  tubes,  according  to  the  quantity 
of  oxygen  required  are  colhicted  and  removed  from  the  mercury 
trough  in  very  small  beakei-s,  the  mercur}'  in  which  should  be  about 
10  m.m.  above  the  end  of  the  test  tube.  Oxygen  may  be  kept  in  this 
way  for  any  desired  length  of  tim(»,  care  being  taken,  if  the  temjKirature 
falls  considerably,  that  there  is  sufficient  mercury  in  the  l)eaker  to  keep 
the  mouth  of  the  test  tube  covered.  Alx)ut  10  c.c.  of  the  gas  in  the 
first  tube  collected  is  transferred  by  decantation  in  a  mercury  trough 
to  another  tube,  and  treated  with  j)otassium  hydrate  and  i)yrogallic 
acid,  when,  if  after  a  few  mmutos  it  is  absorbed,  with  the  exception 
of  a  very  small  bubble,  the  gas  in  that  and  the  remaining  tubes  may 
be  considered  pure.  If  not,  the  first  tube  is  rejected,  and  the  second 
tested  in  the  same  way,  and  so  on. 
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(ft)  Hytlric  nietaphosphate. — The  glacial  hydric  metaphosphate, 
usually  sold  in  sticks,  is  generally  free  from  ammonia,  or  very  nearly 
so.  A  solution  should  }xi  made  containing  about  100  gm.  in  a  litter. 
It  shouhl  be  so  far  free  from  ammonia  as  that  10  c.c.  do  not  contain 
an  api)reciable  quantity. 

(v)  Calcium  j)hosphate. — Prepared  by  precipitating  common 
disodium  j)hosphate  with  calcium  chloride,  washing  the  precipitate 
with  water  by  decantation,  drying  and  heating  to  redness  for  an  hour. 

C.    Beagents  required  for  the  Estimation  of  Nitrogen  present 
as  Nitrates  and  Nitrites  (C  rum's  process). 

(a)  Concenti-ated  sulphuric  acid. — This  must  be  free  from  nitrates 
and  nitrites. 

(/3)  Potassium  permanganate. — Dissolve  about  10  gm.  of  crys- 
tallized potassium  permanganate  in  a  liter  of  distilled  water. 

(y)  Sodium  carbonate. — Dissolve  about  10  gm.  of  dry,  or  an 
equivalent  quantity  of  crystallized  sodium  carbonate  free  from 
nitrates,  in  a  liter  of  distilled  water. 

For  the  Estimation  of  Nitrogen  as  Nitrates  and  Nitrites  in 
Waters  containing  a  very  large  quantity  of  Soluble 
Matter,  but  little  Organic  Nitrogen. 

(^)     M(^tiillic  aluminium. — As  thin  foil. 

(e)  Solution  of  sodium  hydrate. — Dissolve  100  gm.  of  solid 
sodium  hydrate  in  a  liter  of  distilled  water ;  when  cold,  put  it  in  a 
tall  glass  cylinder,  and  introduce  about  100  sq.  cm.  of  aluminium 
foil,  which  must  be  kept  at  the  bottom  of  the  solution  by  means  of  a 
glass  rod.  AMien  the  aluminium  is  dissolved,  boil  the  solution 
briskly  in  a  porcelain  basin  luitil  about  one-third  of  its  volume  has 
been  evaporated,  allow  to  cool,  and  make  up  to  its  original  volume 
with  water  free  from  ammonia.  The  absence  of  nitrates  is  thus 
ensured. 

(4 )  Broken  pumice. — Clean  pumice  is  broken  in  jneces  of  the  size 
of  small  peas,  sift(?d  free  from  dust,  heated  to  redness  for  about  an 
hour,  and  k(»i)t  in  a  closely  sto}>i)ered  bottle. 

(ly)  Hydrochloric  acid  free  from  ammonia. — If  the  ordinary  pure 
acid  is  not  free  from  ammonia,  it  should  be  rectified  from  sulphuric 
acid.  As  only  two  or  three  drops  are  used  in  each  experiment,  it  will 
be  sufficient  if  that  quantity  does  not  contain  an  appreciable  pro- 
portion of  ammonia. 

For  the  Estimation  of  Nitriteslby  Griess's  Process. 

(0)  Meta  phenylene-diamine. — A  half  per  cent,  solution  of  the 
base  in  very  dilute  suljihuric  or  hydrochloric  acid.     The  l>ase  alone  is 
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not  permanent.     If  too  highly  coloured,  it  may  Ije  bleached  by  pure 
animal  charcoal. 

(i)     Dilute  sulphuric  acid. — One  volume  of  acid  to  two  of  water. 

(r)  Standard  potassium  or  sodium  nitrite. — Dissolve  0*406  gm.  of 
pure  silver  nitrite  in  boiling  distilled  water,  an<l  add  pure  potassium 
or  sodium  chloride  till  no  further  precipitate  of  silver  chloride  occurs. 
Make  up  to  a  liter ;  let  the  silver  chloride  settle,  and  dilute  100  c.c. 
of  the  clear  liquid  to  a  liter.  It  should  ])e  kept  in  small  stoppered 
bottles  completely  filled,  and  in  the  dark. 

1  c.c.  =  0*01  m.gni.  NoO.^. 

*    The  colour   produced   by   the   reaction   of    nitrous  acid  on  meta- 
phenylene-iliamine  is  triamidoazo-benzene,  or  "  Bismarck  brown." 


D.  Reagents  required  for  the  Estimation  of  Chlorine 

present  as  Chloride. 

(a)  Standard  solution  of  silver  nitrate. — Dissolve  2*3944  gm.  of 
pure  recrystallized  silver  nitrate  in  distilled  water,  and  make  up  to  a 
liter.  In  use  it  is  convenient  to  measure  it  from  a  burette  which 
holds  10  c.c.  and  is  divided  into  tenths. 

(/3)  Solution  of  j)otassium  chromate. — A  strong  solution  of  pure 
neutral  potassium  chromate  free  from  chlorine.  It  is  most  con- 
veniently kept  in  a  Iwttle  similar  to  that  use<l  for  the  solution  of 
ferrous  chloride  (B.  ^). 

E.  Reagents  reqtdred  for  determination  of  Hardness. 

(a)  Standanl  solution  of  calcium  cldoride. — Dissolve  in  dilute 
hydric  chloride,  in  a  j)lutinum  dish,  0*2  gm.  of  jmre  crystallized 
calcite,  adding  the  acid  gradually,  and  having  the  dish  covered  with 
a  glass  plate,  to  i)revont  loss  by  spirting.  When  all  is  dissolve^l, 
evai)orate  to  dryness  on  a  water  bath,  add  a  little  distilled  water,  and 
again  evaporate  to  dryness.  Repeat  the  evaporation  several  times  to 
ensure  complete  expulsion  of  hydric  chloride.  lastly,  dissolve  the 
calcium  chloride  in  distilled  water,  and  make  up  to  one  liter. 

(/3)  Standard  solution  of  potassium  soap. — Rub  together  in  a 
moi-tar  150  parts  of  lead  plaster  and  40  parts  of  dry  potassium 
carbonate.  Wien  they  are  fairly  mixed,  add  a  little  methylated 
spirit,  and  continue  triturating  luitil  an  imiform  creamy  mixture  is 
obtained.  Allow  to  stand  for  some  houi-s,  then  throw  on  to  a  filter, 
and  wash  several  times  with  methylated  spirit.  The  strong  solution 
of  soap  thus  obtained  must  be  diluted  with  a  mixture  of  one  volume 
of  distilled  water  and  two  volumes  of  methylated  spirit  (considering 
the  soap  solution  as  spirit),  until  exactly  14*25  c.c.  are  required  to  form 
a  permanent  lather  with  50  c.c.  of  the  standard  calcium  cldoride  (E.  a), 
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the  experiment  being  performed  precisely  as  in  determining  the 
hardness  of  a  water.  A  preliminary  assay  should  be  made  with  a 
small  quantity  of  the  strong  soap  solution  to  ascertain  its  strength. 
After  making  the  solution  approximately  of  the  right  strength,  allow 
it  to  stand  twenty-four  hours ;  and  then,  if  necessary,  filter  it,  and 
afterwards  adjust  its  strength  accurately.  It  is  better  to  make  the 
solution  a  little  too  strong  at  first,  and  dilute  it  to  the  exact  strength 
required,  as  it  is  easier  to  add  alcohol  accurately  than  strong  soap 
solution. 


THE    ANAIiYTICAIi   PROCESSES. 

§  97.  To  form,  for  sanitary  purposes,  an  opinion  of  the  character 
of  a  natural  water  or  sewage,  it  will  in  most  cases  suffice  to  determine 
the  nitrogen  as  ammonia,  organic  carbon,  organic  nitrogen,  total  solid 
matter,  nitrogen  as  nitrates  and  nitrites,  suspended  matter,  chlorine 
and  hardness ;  and  in  the  following  pages  the  estimation  of  these  will 
be  considered  in  detail,  and  then,  more  briefly,  that  of  other 
impurities. 

The  method  of  estimating  nitrogen  as  ammonia  is  substantially  that 
described  by  the  late  W.  A.  Miller  {J,  G.  S,  [2]  iii.  125),  and  that 
for  estimating  organic  carbon  and  nitrogen  was  devised  by  Frankland 
and  Armstrong,  and  described  by  them  in  the  same  journal 
([2]  vi.  11  et  i<eq). 

1.  Collection  of  Samples. — The  points  to  be  considered  under 
this  head  are,  the  vessel  to  be  used,  the  quantity  of  water  required, 
and  the  method  of  ensuring  a  truly  representative  sample. 

Stoneware  bottles  should  be  avoided,  as  they  are  apt  to  affect  the 
hardness  of  the  water,  and  are  more  difficult  to  clean  than  glass. 
Stoppered  glass  bottles  should  be  used  if  possible  ;  those  known  as 
"  Winchester  Quarts,"  which  hold  about  two  and  a  half  liters  each, 
are  very  convenient  and  easy  to  procure.  One  of  these  will  contain 
sufficient  for  the  general  analysis  of  sewage  and  largely  polluted  rivers, 
two  for  well  waters  and  ordinary  rivers  and  streams,  and  three  for 
lakes  and  mountain  springs.  If  a  more  detailed  analysis  is  required, 
of  course  a  larger  quantity  must  be  taken. 

If  corks  must  be  used,  they  should  be  neiCy  and  well  washed  with 
the  water  at  the  time  of  collection. 

In  collecting  from  a  well,  river,  or  tank,  plunge  the  bottle  itself, 
if  possible,  below  the  surface ;  but  if  an  intermediate  vessel  must  be 
used,  see  that  it  is  thoroughly  clean  and  well  rinsed  with  the  water. 
Avoid  the  surface  water  and  also  any  deposit  at  the  bottom. 

If  the  sample  is  taken  from  a  pump  or  tap,  take  care  to  let  the 
water  which  has  been  standing  in  the  pump  or  pipe  run  off  before 
collecting,  then  allow  the  stream  to  flow  directly  into  the  bottle.  If 
it  is  to  represent  a  town  water-supply,  take  it  from  the  service  pipe 
communicating  directly  with  the  street  main,  and  not  from  a  cistern. 

In  every  case,  first  fill  the  bottle  roinjyJeiely  with  the  water  thus 
expelling  all  gases  and  vapours,  empty  it  again,  rinse  once  or  twice 
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carefully  with  the  water,  and  then  fill  it  nearly  to  the  stopper,  and  tie 
down  tightly. 

At  the  time  of  collection  note  the  source  of  the  sample,  whether 
from  a  deep  or  shallow  well,  a  river  or  spring,  and  also  its  local  name 
so  that  it  may  be  clearly  identified. 

If  it  is  from  a  well,  ascertain  the  nature  of  the  soil,  sul)Soil,  and 
water-bearing  stratum ;  the  depth  and  diameter  of  the  well,  its 
(listance  from  neighbouring  cesspools,  drains,  or  other  sources  of 
pollution  ;  whether  it  passes  through  an  impervious  stratum  before 
entering  the  water-bearing  stratum;  and  if  so,  whether  the  sides  of  the 
well  above  this  are,  or  are  not,  water-tight. 

If  the  sample  is  from  a  river,  ascertain  the  distance  from  the  source 
to  the  point  of  collection  ;  whether  any  pollution  takes  place  above 
that  point,  and  the  geological  nature  of  the  district  through  which  it 
flows. 

If  it  is  from  a  spring,  take  note  of  the  stratum  from  which  it  issues. 

2.  Preliminary  Observations. — In  order  to  insure  uniformity, 
the  bottle  should  invariably  be  well  shaken  before  taking  out  a 
I)ortion  of  the  sample  for  any  purpose.  The  colour  should  be 
observed  as  seen  in  a  tall,  narrow  cylinder  standing  upon  a  white 
surface.  It  is  well  to  compare  it  with  distilled  water  in  a  similar 
vessel.  The  tcide  and  odour  are  most  easily  detected  when  the  water 
is  heated  to  30^-35°  C. 

Before  commencing  the  quantitative  analysis  it  is  necessary  to 
decide  whether  the  water  shall  be  filtered  or  not  before  analysis. 
This  must  depend  on  the  purpose  for  which  the  examination  is 
undertaken.  As  a  general  rule,  if  the  suspended  matter  is  to  be 
determined,  the  water  should  be  filtered  before  the  estimation  of 
organic  carbon  and  nitrogen,  nitrogen  as  ammonia,  and  total  solid 
residue ;  if  otherwise,  it  sliould  merely  be  shaken  up.  If  the 
suspended  matter  is  not  determined,  the  appearance  of  the  water,  as 
whether  it  is  clear  or  turbid,  should  be  noted.  This  is  conveniently 
done  when  measuring  out  the  quantity  to  be  used  for  the  estimation 
of  organic  carl)on  and  nitrogen.  If  the  measuring  flask  be  held 
between  the  eye  and  a  good  source  of  light,  but  with  an  oimque  object 
such  as  a  window  bar,  m  the  line  drawn  from  the  eye  through  the 
centre  of  the  flask,  any  suspended  particles  will  be  seen  well 
illuminated  on  a  dark  ground. 

Water  derived  from  a  newly  sunk  well,  or  which  has  been  rendered 
turbid  by  the  introduction  of  innocuous  mineral  matter  from  some 
temporary  and  exceptional  cause,  should  be  filtered,  but  the  suspended 
matter  in  most  such  cases  need  not  be  determined.  The  introduction 
of  organic  matter  of  any  kind  would  almost  always  render  the  sample 
useless. 

3.  Estimation  of  Nitrogen  as  Ammonia. — Place  about 
50  c.c.  of  the  water  in  a  glass  cylinder  about  150  m.m.  liigh,  and  of 
about  70  c.c.  capacity,  standing  upon  a  white  glazed  tile  or  white 
paper.  Add  about  1  c.c.  of  Nessler's  solution  (A.  a),  stir  with  a 
clean  glass  rod,  and  allow  to  stand  for  a  minute  or  so.     If  the  colour 
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then  seen  does  not  exceed  in  intensity  that  produced  wlien  O'l  c.c.  of 
the  standard  ammonium  chloride  (A.  /3)  is  added  to  50  c.c.  of  water 
free  from  ammonia  (A.  ^),  and  treated  in  the  same  way,  half  a  liter  of 
the  water  should  be  used  for  the  estimation.  If  the  colour  be  darker, 
a  proportionately  smaller  quantity  should  be  taken ;  but  it  is  not  con- 
venient to  use  less  than  20  or  25  c.c. 

If  it  has  been  decided  that  the  water  should  be  filtered  before 
analysis,  care  must  be  taken,  should  it  contain  only  a  small  quantity 
of  ammonia,  that  the  filter  jiaper  is  free  from  ammonia.  If  it  is  not, 
it  must  be  steeped  in  water  free  from  ammonia  for  a  day  or  so,  and 
when  used,  the  lirst  portion  of  the  filtrate  rejected.  Washing  with 
water,  even  if  many  times  repeated,  is  generally  ineffectual.  When  a 
large  quantity  of  ammonia  is  present,  as  in  highly  polluted  water  and 
sewage,  any  ammonia  in  the  filter  paper  may  be  neglected.  A 
moderate  quantity  of  suspended  matter  may  also  generally  be  neglected 
with  safety,  even  if  the  water  is  to  be  filtered  in  estimating  organic 
carbon  and  nitrogen  and  total  solid  matter. 

The  water,  filtered  or  uufiltered  as  the  case  may  be,  should  be  care- 
fully measured  and  introduced  into  a  capacious  retort,  connected  by 
an  india-rubber  joint  with  a  Lie  big's  condenser,  the  volume  being  rf 
necessary,  made  up  to  about  400  c.c.  with  water  free  from  ammonia. 
Add  about  1  gm.  of  sodium  carbonate  (A.  y),  and  distil  rapidly, 
applying  the  lamp  flame  directly  to  the  retort,  and  collect  the  distillate 
in  a  small  glass  cylinder,  such  as  is  described  above.  Wlien  about 
50  c.c.  have  distilled  into  the  first  cylinder,  put  it  aside  and  collect  a 
second  50  c.c,  and  as  soon  as  that  is  over  remove  the  lamp,  and  add 
to  the  xecond  distillate  about  1  c.c.  of  Nessler's  solution,  stir  with  a 
clean  glass  rod,  and  allow  to  stand  on  a  white  tile  or  sheet  of  paper 
for  five  minutes.  To  estimate  the  ammonia  present,  measure  into  a 
similar  cylinder  as  much  of  the  standard  ammonium  chloride  solution 
as  you  judge  by  the  colour  to  be  present  in  the  distillate ;  make  it  up 
with  water  free  from  ammonia  to  the  same  volume,  and  treat  with 
Nessler's  solution  in  precisely  the  same  way.  If,  on  standing,  the 
intensity  of  colour  in  the  two  cylinders  is  equal,  the  quantity  of 
ammonia  is  also  equal,  and  this  is  knoton  in  the  trial  cylinder.  If  it 
is  not  equal,  another  trial  must  be  made  with  a  greater  or  less  quantity 
of  ammonium  chloride.  The  ammonium  chloride  must  not  be  added 
after  the  Nessler's  solution,  or  a  turbidity  will  be  produced  which 
entirely  prevents  accurate  comparison.  If  the  ammonia  in  the  second 
distillate  does  not  exceed  that  in  0*2  c.c.  of  the  standard  ammonium 
chloride,  the  distillation  need  not  be  proceeded  with  any  further,  but 
if  otherwise,  successive  quantities  must  be  distilled  and  tested  until 
ammonia  ceases  to  be  found.  If  the  ammonia  in  the  second  distillate 
corresponds  to  0*4  c.c.  or  less  of  the  ammonium  chloride,  that  in  the  first 
may  be  estimated  in  the  same  way ;  but  if  the  second  contains  a 
greater  quantity  of  ammonia,  the  first  must  be  measured,  and  an 
aliquot  part  taken  and  diluted  to  about  50  c.c.  with  water  free  from 
ammonia,  as  it  is  likely  to  contain  so  much  ammonia  as  to  give  a 
colour  too  intense  to  admit  of  easy  comparison.  A  colour  produced 
by  more  than  2  c.c.  of  ammonium  chloride  cannot  be  conveniently 
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employed.*  When,  as  in  the  case  of  sewage,  a  large  quantity  of 
ammonia  is  known  to  be  present,  it  saves  trouble  to  distil  about 
100  c.c.  at  iirst,  and  at  once  take  an  aliquot  part  of  that,  as  above 
described.  If  the  liquid  spirts  in  <listilling,  arrange  the  retort  so  that 
the  joint  between  the  retort  and  condenser  is  the  highest  point ;  the 
distillation  will  proceed  rather  more  slowly,  but  anything  carried  up 
mechanically  will  be  returned  to  the  retort.  When  the  anunonia  has 
been  estimated  in  all  the  distillates,  add  together  the  corresiwnding 
volumes  of  ammonium  chloride  solution ;  then,  if  500  c.c.  have  been 
employed  for  the  experiment,  the  numl>er  of  c.c.  of  ammonium 
chloride  used  divided  by  100  will  give  the  quantity  of  nitrogen  as 
ammonia  in  100,000  parts  of  the  water;  if  less  than  that,  say  y  c.c. 
have  been  used,  multij>ly  the  volume  of  ammonium  chloride  by  5  and 
divide  by  y. 

Before  commencing  this  oiHiration,  ascertain  that  the  retort  and 
condenser  are  free  fnjm  ammonia  by  <listilling  a  little  common  water 
or  distilled  water  with  sodium  carbonate  until  the  distillate  is  free 
from  ammonia.  Remove  the  residue  then,  and  after  each  estimation, 
by  means  of  a  glass  syi)h()n,  without  disconnecting  the  retort.  If  a 
small  quantity  of  water  is  t^)  be  distilled,  the  residue  or  part  of  it  from 
a  previous  experiment  may  be  left  in  the  retort,  instead  of  adding 
water  free  from  ammonia,  can*  l>eing  Uiken  that  the  j»revious  distilla- 
tion was  continued  until  ammonia  ceased  to  be  evolved. 

When  urea  is  present  the  evolution  of  ammonia  is  long  continued, 
owing  to  the  decomi)osition  of  the  urea.  In  such  cases,  collect  the 
distillate  in  similar  quantities,  and  as  soon  as  the  first  rapid  diminution 
in  the  amount  of  anmionia  has  ceased,  neglect  the  remainder,  as  this 
would  be  due  almost  wholly  to  (lecomj>osition  of  the  uroa. 

4.  1  Estimation   of    Organic    Carbon    and    Nitrogen. —This 

should  be  commenced  as  soon  as  the  nitrogen  as  ammonia  has  l>een 
determined.  If  that  is  less  than  005  jmrt  per  100,000,  a  liter  should 
be  used ;  if  more  than  0*05,  and  less  than  0*2,  half  a  liter ;  if  more 
tlian  0*2,  and  less  than  TO,  a  quarter  of  a  liter;  if  more  than  1*0,  a 
hundred  c.c.  or  less.  Thesi*  quantities  are  given  as  a  guide  in  dealing 
with  ordinary  waters  and  sewage,  but  subject  to  variation  in  exceptional 
cases.  A  (piantity  which  is  too  large  should  be  avoided  as  entailing 
needless  trouble  in  eva|)oration,  and  an  inconveniently  bulky  residue 
and  resulting  gas.  If  it  is  to  be  filtered  before  analysis,  the  same 
precaution  as  to  filter  jxaper  must  be  taken  as  for  estimation  of  nitrogen 
as  ammonia,  the  same  filter  being  generally  used. 

Having  measured  the  quantity  to  l)e  used,  add  to  it  in  a  ca]>acious 
flask  15  C.C.  of  the  solution  of  sulphui-ous  acid  (B.  /3),  and  ])oil  briskly 
for  a  few  seconds,  in  order  to  decompose  the  carbonates  present. 
Evaporate  to  dryness  in  a  hemispherical  glass  dish,  about  a  decimeter 
in  diameter,  and  preferably  without  a  lip,  supported  in  a  copper  «lish 

*  In  order  to  insure  absolute  accuracy  in  Nesslerizini^  it  is  necessary  that  the  distillate 
should  be  of  the  same  temperature  as  the  standard  liquid  made  by  mixing  the  ammonium 
chloride  with  distilled  water.  Hazen  and  Clark  {Aimt.  Chent.  Jour.  xii.  425)  found  that 
the  water  Nesalerized  from  a  metal  condenser,  immediately  after  collection,  gave  a  lower 
figure  than  when  the  two  liquids  were  allowed  to  assume  the  same  temperature. 


428 


VOLUMETRIC  ANALYSIS. 


§97. 


with  a  flange  (fig.  61  d  e).  The  flange  has  a  diameter  of  about  14 
centimeters,  is  sloped  slightly  towards  the  centre,  and  has  a  rim  of 
about  5  m.m.  turned  up  on  its  edge,  except  at  one  point,  where  a 
small  lip  is  provided.  The  concave  portion  is  made  to  fit  the  contour 
of  the  outside  of  the  glass  dishes,  and  is  of  such  a  depth  as  to  allow 
the  edge  of  the  dish  to  rise  about  15  m.m.  above  the  flange.  The 
diameter  of  the  concavity  at  /  is  about  90  m.m.,  and  the  depth  at  g 
about  30  m.m.  A  thin  glass  shade,  such  as  is  used  to  protect  statuettes, 
about  30  centimeters  high,  stands  on  the  flange  of  the  copper  dish,  its 
diameter  being  such  as  to  fit  without  difficulty  on  the  flange,  and  leave 
a  sufficient  space  between  its  interior  surface  and  the  edge  of  the  glass 
dish.  The  copper  dish  is  supported  on  a  steam  or  water  bath,  and  the 
water  as  it  evaporates  is  condensexl  on  the  interior  of  the  glass  shade, 
rmis  down  into  the  copper  dish,  filling  the  space  between  it  and  the 
glass  dish,  and  then  passes  off"  by  the  lip  at  the  edge  of  the  flange,  a 
piece  of  tape  held  by  the  edge  of  the  glass  shade,  and  hanging  over 
the  lip,  guiding  it  into  a  vessel  placed  to  receive  it. 


Fig.  60. 


Fig.  61. 


AVe   are   indebted   to   Bischof    for   an   improved  apparatus   for 
evaporation,  which  by  keeping  the  dish  always  full  by  a  self-acting 
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contrivance  permits  the  operation  to  proceed  without  attention  during 
the  night,  and  thus  greatly  reduces  the  time  required.  This  form  of 
apjwiratus  is  shown  in  fig.  61.  The  glass  dish  d  is  supported  by  a 
copper  dish  e,  as  de8cri]>eil  above,  and  resting  on  the  latter  is  a  stout 
copj>er  ring  h^  which  is  slightly  conical,  being  115  m.m.  in  diameter  at 
the  top  and  130  at  the  ])ottom.  At  the  top  is  a  narrow  flange  of  about 
10  m.m.  with  a  vertical  rim  of  about  5  m.m.  The  diameter  across  this 
flange  is  the  same  as  the  diameter  of  the  dish  e,  so  that  the  glass  shade 
i  will  fit  securely  either  on  h  or  e.  The  height  of  the  conical  ring  is 
about  80  m.m. 

The  automatic  supply  is  accomplished  on  the  well-known  principle 
of  the  bird  fountain,  by  means  of  a  delivery  tube  fe,  the  upper  end  of 
which  is  erdarged  to  receive  the  neck  of  the  flask  a  containing  the 
water  to  be  evaporated,  the  joint  being  carefully  ground  so  as  to  be 
water-tight.  The  upper  vertical  part  of  ft,  including  this  enlargement, 
is  about  80  m.m.  in  length,  and  the  sloping  part  about  260  m.m.,  with 
a  diameter  of  13  m.m.  The  lower  end  which  goes  into  the  dish  is  again 
vertical  for  about  85  m.m.  and  carries  a  side  tube  c  of  about  3  m.m. 
internal  diameter,  by  which  air  enters  the  delivery  tul>e  whenever  the 
level  of  the  water  in  the  dish  falls  below  the  point  at  which  the  side 
tube  jouis  the  delivery  tube.  The  distance  from  this  |K)int  to  the  end 
of  the  tube  which  rests  on  the  bottom  of  the  dish  at  g^  and  is  there 
somewliat  contracted,  is  about  30  m.m.  The  side  tube  c  should  not  be 
attached  on  the  side  next  the  flask,  as  if  so  the  inclined  part  of  h 
passes  over  its  mouth  and  renders  it  very  difficult  to  clean.  Mills 
prevents  circulation  of  liquid  in  the  sloping  part  of  the  tube  by 
bending  it  into  a  slightly  undulating  form,  so  that  permanent  bubbles 
of  air  are  caught  and  detained  at  two  points  in  it.  The  flask  a  should 
hold  about  1200  c.c,  and  have  a  rather  narrow  neck — about  20  m.m. 
— and  a  flat  bottom.  A  small  slot  is  cut  in  the  upper  edge  of  the  copper 
ring  h  to  accommodate  the  delivery  tube,  as  shown  in  fig.  60.  Its  size 
and  shape  should  be  such  that  the  tube  does  not  touch  the  edge  of  the 
glass  shade  t,  lest  water  running  down  the  inner  surface  of  the  shade 
should  find  its  way  down  the  outside  of  the  delivery  tube  into  the 
dish.  This  being  avoided,  the  opening  should  be  as  closely  adjusted 
to  the  size  of  the  delivery  tu])e  as  can  be.  The  copper  dish  e  should 
rest  on  a  steam  or  water  bath,  so  tliat  only  the  splierical  part  is 
exposed  to  the  heat. 

After  the  addition  of  the  15  c.c.  of  sulphuric  acid,  the  water  may 
either  be  boiled  in  the  flask  a,  or  in  another  more  capacious  one,  and 
then  transferred  to  a.  It  should  be  allowed  to  cool  before  the  delivery 
tube  is  adjusted,  otherwise  the  joint  l)etween  the  two  is  liable  to 
become  loose  by  expansion  of  the  cold  socket  of  the  delivery  tube, 
after  being  placed  over  the  hot  neck  of  the  flask. 

The  glass  dish  having  been  placed  on  the  copper  dish  e,  the  conical 
ring  h  is  fitted  on,  and  the  flask  with  the  delivery  tube  attached 
inverted,  as  shown  in  fig.  61,  a  h.  This  should  not  be  done  too 
hurriedly,  and  with  a  little  care  there  is  no  risk  of  loss.  The  flask  is 
supported  either  by  a  large  wooden  filtering  stand,  the  ring  of  which 
has  had  a  slot  cut  in  it  to  allow  the  neck  of  the  flask  to  pass  or  by  a 
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clamp  applied  to  the  upper  end  of  the  delivery  tube  where  the  neck  of 
tlie  flask  fits  in.  The  delivery  tube  having  been  placed  in  the  slot  made 
to  receive  it,  the  glass  shade  is  fitted  on,  and  the  evaporation  allowed 
to  proceed.  When  all  the  water  has  passed  from  the  flask  into  the 
dish,  the  flask  and  delivery  tube  and  the  conical  ring  h  may  be 
removed,  and  the  glass  shade  placed  directly  on  the  dish  e  untO  the 
evaporation  is  complete.  If  the  water  is  expected  to  contain  a  large 
quantity  of  nitrates,  two  or  three  drops  of  ferrous  chloride  (B.  l) 
should  be  added  to  the  first  dishful ;  and  if  it  contains  little  or  no 
carbonate,  one  or  two  c.c.  of  hydric  sodium  sulphide  (B.  X).  The 
former  facilitates  the  destruction  of  nitrates  and  nitrites,  and  the  latter 
furnishes  base  for  the  sulphuric  acid  produced  by  oxidation  of  the 
sulphurous  acid,  and  which  would,  if  free,  decompose  the  organic 
matter  when  concentrated  by  evaporation.  An  estimate  of  the 
quantity  of  carbonate  present,  sufficiently  accurate  for  this  purpose, 
may  generally  be  made  by  observing  the  quantity  of  precipitate 
thrown  down  on  addition  of  sodium  carbonate  in  the  determination  of 
nitrogen  as  ammonia. 

With  sewages  and  very  impure  waters  (containing  upwards  of  0*1 
part  of  nitrogen  as  ammonia  per    100,000   for  example)  such  great 
precaution  is  hardly  necessary,  and  the  quantitj'^  to  evaporate  being 
small,  the  evaporation  may  be  conducted  in  a  glass  dish  placed  directly 
over  a  steam  bath,  and  covered  with  a  drum  or  disc  of  filter  paper 
made  by  stretching  the  paper  by  means  of  two  hoops  of  light  split 
cane,  one  thrust  into  the  other,  the  paper  being  between  them,  in  the 
way  often  employed  in  making  dialysers.    This  protects  the  contents  of 
the  dish  from  dust,  and  also  to  a  great  extent,  from  ammonia  which 
may  be  in  the  atmosphere,  and  which  would  impair  the  accuracy  of  the 
results.     As  a  glass  dish  would  be  in  some  danger  of  breaking  by  the 
introduction   of  cold  water,    the   flask   containing   the   water  being 
evaporated  in  this  or  in  the  first  described  manner,  must  be  kept  on  a 
hot  plate  or  sand  bath  at  a  temperature  of  about  60^  or  70°  C.,  and 
should  be  covered  with  a  watch-glass.    This  precaution  is  not  necessary 
when  Bischof's  apparatus  is  used.     If,  at  any  time,  the  water  in  the 
flask  ceases  to  smell  strongly  of  sulphurous  acid,  more  should  be 
added.      The  preliminary  boiling  may  be  omitted  when  less  than 
250  c.c.  is  used.     AVhen  the  nitrogen  as  nitrates  and  nitrites  exceeds 
0*5  part,  the  dish,  after  the  evaporation  has  been  carried  to  dryness, 
should   be   filled  with   distilled  water   containing   ten   per  cent,  of 
saturated  sulphurous  acid  solution,  and  the  evaporation  again  carried 
to  dryness.     If  it  exceeds  1  '0  part,  a  quarter  of  a  liter  of  this  solution 
should  be  evaporated  on  the  residue ;  if  2*0  parts,  half  a  liter ;  and  if 
5  parts,  a  liter.     If  less  than  a  liter  has  been  evaporated,  a  pro- 
portionally  smaller   volume   of    this   solution   may   be  used.      The 
estimation   of    nitrogen    as   nitrates   and    nitrites   will    usually    be 
accomplished  before  this  stage  of  the  evaporation  is  reached. 

M.  W.  AVilliams  proposes  to  avoid  the  use  of  sulphurous  acid, 
with  its  acknowledged  disadvantages  and  defects,  by  removing  the 
nitric  and  nitrous  acids  with  the  zinc-copper  couple  and  converting 
them  into  ammonia.     If  the  amount  is  large,  it  is  best  distilled  from 
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a  retort  into  weak  acid ;  if  small,  into  an  empty  Nossler  tube.'  'The 
amount  so  found  is  calculated  into  nitrogen  as  nitrates  and  nitrites,  if 
the  latter  are  found  in  the  water.  The  residue,  when  free  from 
ammonia  is  further  concentrated,  the  separated  carlwnates  re-dissolved 
in  phosphoric  or  sulphurous  acid,  in  just  sufficient  quantity,   then 


Fig  62. 

transferred  to  a  glass  basin  for  evaporation  to  dryness  as  usual  ready 
for  combustion  (/.  C.  S,,  1881,  144). 

In  the  case  of  sewage,  however,  it  is  advisable  to  employ  hydric 
metaphosphate  in   the  place  of  sulphurous  acid,  as  the  ammonium 
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phosphate  is  even  less  volatile  than  the  sulphite.  This  can  only  be 
employed  for  sewage  and  similar  liquids,  which  are  free  from  nitrates 
and  nitrites.  To  the  measured  quantity  of  liquid  to  be  evaporated 
add,  in  the  glass  dish,  10  c.c.  of  the  hydric  metaphosphate  (B.  /i), 
and,  in  order  to  render  the  residue  more  convenient  to  detach  from 
the  dish,  about  half  a  gram  of  calcium  phosphate  (B.  v),  and  proceed 
as  usual.  No  ferrous  chloride,  sulphurous  acid,  or  sodium  sulphite 
is  required  ;  nor  is  it  necessary  to  boil  before  commenciiig  the 
evaporation. 

The  next  operation  is  the  combustion  of  the  residue.  The 
combustion  tube  should  be  of  hard,  difficultly  fusible  glass,  with  an 
internal  diameter  of  about  10  ni.m.  Cut  it  in  lengths  of  about 
430  m.m.,  and  heat  one  end  of  each  in  the  blowpipe  flame  to  round 
the  edge.  Wash  well  with  water,  brusliing  the  interior  carefully  with 
a  tube  bi-ush  introduced  at  the  end  whose  edge  has  been  rounded, 
rinse  with  distilled  water,  and  dry  in  an  oven.  When  dry,  draw  off 
and  close,  at  the  blowpipe,  the  end  whose  edge  has  been  left  sharp. 
The  tube  is  then  reiidy  for  use. 

Pour  on  to  the  perfectly  dry  residue  in  the  glass  dish,  standing  on 
a  sheet  of  white  glazed  paper,  a  little  of  the  fine  cupric  oxide  (B.  c), 
and  with  the  aid  of  a  small  elastic  steel  spatula  (about  100  m.m.  long 
and  15  m.m.  wide)  carefully  detach  the  residue  from  the  glass  and 
rub  it  down  with  the  cupric  oxide.  The  spatula  readily  accommodates 
itself  to  the  curvature  of  the  dish,  and  effectually  scrapes  its  surface. 
A^^len  the  contents  of  the  dish  are  fairly  mixed,  fill  about  30  m.m.  of 
the  length  of  the  combustion  tube  with  granulated  cupric  oxide 
(B.  e)j  and  transfer  the  mixture  in  the  dish  to  the  tube.  This  is  done 
in  the  usual  way  by  a  scooping  motion  of  the  end  of  the  tube  in  the 
dish,  the  last  portions  being  transferred  by  the  help  of  a  bent  card  or 
a  piece  of  clean  and  smooth  platinum  foil.  Rinse  the  dish  twice  with 
a  little  fine  cupric  oxide,  rubbing  it  well  round  each  time  with  the 
spatula,  and  transfer  to  the  tube  as  before.  Any  particles  scattered 
on  the  paper  are  also  to  be  put  in.  Fill  up  to  a  distance  of  270  m.m. 
from  the  closed  end  with  granular  cupric  oxide,  put  in  a  cylinder  of 
metallic  copper  (B.  0»  and  then  again  20  m.m.  of  granular  cupric 
oxide.  This  last  is  to  oxidize  any  traces  of  carbonic  oxide  which 
might  be  formed  from  carbonic  anhydride  by  the  reducing  action  of 
iron  or  other  impurity  in  the  metallic  copper.  Now  draw  out  the  end 
of  the  tube  so  as  to  form  a  neck  about  100  m.m.  long  and  4  m.m.  in 
diameter,  fuse  the  end  of  this  to  avoid  injury  to  the  india-rubber 
connector,  and  bend  it  at  right-angles.  It  is  now  ready  to  be  placed 
in  the  combustion  furnace  and  attached  to  the  Sprengel  pump. 

The  most  convenient  form  of  this  instrument  for  the  purpose  is 
shown  in  fig.  62.  The  glass  funnel  a  is  kept  supplied  with  mercury, 
and  is  coimected  by  a  caoutchouc  joint  with  a  long  narrow  glass  tube 
which  i>asses  tlown  nearly  to  the  bottom  of  a  wider  tube  d,  900  m.m. 
long,  and  10  m.m.  in  internal  diameter.  The  upper  end  of  d  is 
cemented  into  the  throat  of  a  glass  funnel  c  from  which  the  neck  has 
been  removed.  A  screw  clamp  b  regulates  the  flow  of  mercury  down 
the  narrow  tube.     A  piece  of  ordinary  glass  tube///,  about  6  m.m.  in 
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diameter  and  600  m.m.  in  length,  is  attached  at  ^  to  a  tube  g  h  k^ 
about  6  m.m.  in  diameter,  1500  m.m.  long,  with  a  bore  of  1  m.m. 
This  is  bent  sharply  on  itself  at  Zt,  the  part  h  k  being  1300  m.m.  long, 
and  the  two  limbs  are  firmly  lashed  together  with  copper  wire  at  two 
points,  the  tubes  being  preserved  from  injury  by  short  sheaths  of 
caoutchouc  tube.  The  end  k  is  recurved  for  the  delivery  of  gas.  At 
the  top  of  the  bend  at  /<,  a  piece  of  ordinary  tube  h  /,  about  120  m.m. 
long,  and  5  m.m.  in  diameter,  is  sealed  on.  The  whole  /  A:  is  kept  in 
a  vertical  position  by  a  loose  support  or  guide,  near  its  upper  part,  the 
whole  of  its  weight  resting  on  the  end  k,  so  that  it  is  comparatively 
free  to  move.  It  is  connected  at  /  with  the  lower  end  of  ri,  by  means 
of  a  piece  of  caoutchouc  tube  covered  with  tape,  and  furnished  with 
a  screw  clamp  e.  At  I  it  is  connected  ^vith  the  combustion  tube  o,  by 
the  connecting  tube  I  m  ;*,  which  is  made  of  tube  similar  to  that  used 
for  h  k.  A  cork  slides  on  h  /,  which  is  fitted  into  the  lower  end  of 
a  short  piece  of  tube  of  a  width  sufficient  to  pass  easily  over  the 
caoutchouc  joint  connecting  the  tubes  at  /.  After  the  joint  has 
been  arranged  (the  ends  of  the  tubes  just  touching)  and  bound  with 
wire,  the  cork  and  wide  tube  are  pushed  over  it  and  filled  with 
glycerine.  The  joint  at  n  is  of  exactly  the  same  kind,  but  as  it  has  to 
be  frequently  disconnected,  water  is  used  instead  of  glycerine,  and  the 
caoutchouc  is  not  bound  on  to  the  combustion  tube  with  wire.  It 
will  be  seen  that  the  joint  at  /  is  introduced  chiefly  to  give  flexibility 
to  the  apparatus.  At  in  is  a  small  bulb  blown  on  the  tube  for  the 
purpose  of  receiving  water  produced  in  the  combustion.  This  is 
immersed  in  a  small  water  trough  x.  The  tube  h  k  stands  in  a  mercury 
trough  p,  which  is  shown  in  plan  on  a  larger  scale  at  B. 

This  trougli  should  be  cut  of  a  solid  piece  of  mahogany,  as  it  is 
extremely  difficult  to  make  joints  to  resist  the  pressure  of  such 
a  depth  of  mercury.  It  is  200  m.m.  long,  155  m.m.  wide,  and 
100  m.m.  deep,  outside  measurement.  The  edge  r  r  is  13  m.m.  wide, 
and  the  shelf  s  65  m.m.  wide,  174  m.m.  long,  and  50  m.m.  deep  from 
the  top  of  the  trough.  The  channel  t  is  25  m.m.  wide,  and  75  m.m. 
deep,  having  at  one  end  a  circular  well  w^  42  m.m.  in  diameter,  and 
90  m.m.  deep.  The  recesses  u  u  are  to  receive  the  ends  of  two 
Sprengel  pumps.  They  are  each  40  m.m.  long,  25  m.m.  wide,  and 
of  the  same  depth  as  the  channel  t.  A  short  iron  wire  «',  turning  on 
a  small  staple,  and  resting  at  the  other  end  against  an  iron  pin, 
stretches  across  each  of  these,  and  serves  as  a  kind  of  gate  to  support 
the  test  tube,  in  which  the  gas  delivered  by  the  pump  is  collected. 
The  trough  stands  upon  four  legs,  75  m.m.  high,  and  is  provided  at 
tlie  side  ^vith  a  tube  and  screw  clamp  (/,  by  which  the  mercury  may 
be  drawn  off  to  the  level  of  the  shelf  s. 

The  combustion  tube  being  placed  in  the  furnace,  protected  from 
the  direct  acticm  of  the  flame  by  a  sheet-iron  trough  lined  with 
asbestos,  and  the  water  joint  at  n  adjusted,  the  gas  is  lighted  at  the 
front  i)art  of  furnace  so  as  to  heat  the  whole  of  the  metallic  copper 
and  part  of  the  cupric  oxide.  A  small  screen  of  sheet  iron  is 
adjusted  astride  of  the  combustion  tube  to  protect  the  part  beyond 
the  point  up  to  which  the  gas  is  burning  from  the  heat. 
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At  the  same  time  a  stream  of  mercury  is  allowed  to  flow  from  the 
funnel  a,  which  fills  the  tubes  d  and  /  until  it  reaches  /i,  when  it  falls 
in  a  series  of  pellets  down  the  narrow  tube  h  k,  each  carrying  before 
it  a  quantity  of  air  drawn  from  the  combustion  tube.      The  flow  of 
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mercury  must  be  controlled  by  means  of  the  clamps  b  and  e,  so  as  not 
to  be  too  rapid  to  admit  of  the  formation  of  these  separate  pistonSi 
and  especially,  care  should  be  taken  not  to  permit  it  to  go  so  fast  as 
to  mount  into  the  connecting  tube  I  m  w,  as  it  cannot  be  removed 
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thence  except  by  disconnecting  the  tube.  During  the  exhaui*tion,  the 
trough  X  is  filled  with  hot  water  to  expel  from  the  bulb  in  any  water 
condensed  from  a  previous  operation.  In  about  ten  minuter  the 
mercury  will  fall  in  the  tube  h  k  with  a  loud,  sharp,  clicking  sound, 
showing  that  the  vacuum  is  complete.  As  soon  as  this  occurs,  the 
pumj)  may  be  stopjjcd,  a  test  tube  iilled  with  mercury  inverted  over 
the  deliver}'  end  of  the  tube  A*,  cold  water  sukstituted  for  hot  in  the 
trough  X,  the  iron  screen  removed,  and  combustion  proceeded  with  in 
the  usual  way.  This  will  take  from  fifty  to  sixty  minutes.  As  soon 
as  the  whole  of  the  tul>e  is  heated  to  redneas,  the  gas  is  turned  off, 
and  the  tube  immediately  exhausted,  the  gases  produced  ]>eing 
transferred  to  the  tu])c  i)]aced  to  receive  them.  When  the  exhaustion 
is  complete,  the  test  tube  of  gas  may  l)e  removed  in  a  small  l>eaker, 
and  transferred  to  the  gas  analysis  apimratus. 

This  gas  collected  consists  of  carlx)nic  anhydride,  nitric  oxide, 
nitrogen,  and  (very  rarely)  carbonic  oxide,  which  can  readily  l»e 
separated  and  estimated  by  the  ordinary  methods  of  gas  analysis. 
This  is  rapidly  accomplished  with  the  apjyaratus,  shown  in  the 
accompanying  diagram.  Fig.  63,  which,  whilst  it  does  not  permit  of 
analysis  by  explosion,  leaves  nothing  to  be  <lesired  for  this  ])articular 
operation.  It  is  evssentially  that  described  by  Frank  land  (J.  C.  *S'. 
[2]  vi.  109),  but  is  slightly  modified  in  arrangement.  In  the  diagram, 
a  c  (/  is  a  measuring  tube,  of  which  the  cylindrical  portion  a  is 
370  m.m.  long,  and  18  m.m.  in  internal  diameter,  the  part  e  40  m.m. 
long,  and  7  m.m.  in  diameter,  and  the  part  d  175  m.m.  long,  and 
2*5  m.m.  in  diameter.  To  the  upper  end  of  d  a  tube,  with  a  capillary 
]x)re  and  sto])-cock  /,  is  attached,  and  l)ent  at  right-angles.  Allowing 
20  m.m.  for  each  of  the  conical  portions  at  the  joints  between  a  and 
c,  and  c  and  d,  and  25  m.m.  for  the  vertical  part  of  the  capillary  tube, 
the  vertical  measurement  of  the  entire  tul>e  is  650  m.m.  It  is 
graduated  carefully  from  Iwlow  upward,  at  intervals  of  10  m.m.,  the 
zero  iKjing  100  m.m.  from  th«^  end,  as  about  that  length  of  it  is  hidden 
by  its  8up])ort,  and  therefore  unavailable.  The  topmost  10  m.m.  of  d 
should  be  divided  into  single  millimeters.  At  the  free  end  of  the 
capillary  tub*'  a  small  steel  cap  sliown  in  fig.  64,  B,  is  cemented  gas- 
tight.     The  lowc^r  ond  of  a  is  drawn   out  to  a  diameter  of  5  m.m. 


Fig.  64. 

The  tube  h  is  about  1*2  meter  long,  and  6  m.m.  internal  diameter,  is 
drawn  out  like  a  at  the  lower  end,  and  graduated  in  millimeters 
from  l)elow  uj)war(l,  the  zero  being  al)out  100  m.m.  from  the  end.* 
The  tubes  a  c  d  and  h  pass  through  a  caoutchouc  stojijuM*  o,  which  fits 

*  The  graduation  is  not  shown  in  the  dia^o^iu. 
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into  the  lower  end  of  a  glass  cylinder  n  n,  intended  to  contain  water 
to  give  a  definite  temperature  to  the  gas  in  measuring.  The  zeros  of 
the  graduations  should  be  about  10  m.m.  above  this  stopper. 
Immediately  below  this  the  tubes  are  firmly  clasped  by  the  wooden 
clamp  p  (shown  in  end  elevation  and  plan  at  fig.  63,  B,  C),  the  two 
parts  of  which  are  drawn  together  by  screws,  the  tubes  being 
protected  from  injury  by  a  piece  of  caoutchouc  tube  fitted  over  each. 
The  clamp  is  supported  on  an  upright  piece  of  wood,  screwed  firmly 
to  the  base  A.  If  the  stopper  o  is  carefully  fitted,  and  the  tubes 
tightly  clamped,  no  other  support  than  p  wUl  be  necessary.  The 
tubes  below  the  clamp  are  connected  by  joints  of  caoutchouc  covered 
with  tape,  and  strongly  bound  with  wire,  to  the  vertical  legs  of  the 
union  piece  (/,  to  tlie  horizontal  leg  of  which  is  attached  a  long 
caoutchouc  tube  of  about  2  m.m.  internal  diameter,  which  passes  to 
the  glass  reservoir  t.  This  tube  must  be  covered  with  strong  tape,  or 
(less  conveniently)  have  a  lining  of  canvas  between  two  layers  of 
caoutchouc,  as  it  will  be  exposed  to  considerable  pressure.  In  its 
course  it  passes  through  the  double  screw  steel  pinch-cock  r,  the  lower 
bar  of  which  is  fixed  to  the  side  of  the  clamp  p.  It  is  essential  that 
the  screws  of  the  pinch-cock  should  have  smooth  collars  like  that 
shown  in  fig.  64  A,  and  that  the  upper  surface  of  the  upper  bar  of 
the  pinch-cock  should  be  quite  flat,  the  surfaces  between  which  the 
tube  is  passed  being  cylindrical. 

Frank  land  has  introduced  a  form  of  joint  by  wliich  the  steel  caps 
and  clamp  are  dispensed  with.  The  capillary  tube  at  the  upper  end 
of  a  c  d  is  expanded  into  a  small  cup  or  funnel,  and  the  capillary  tube 
of  the  laboratory  vessel  bent  twice  at  right^ngles,  the  end  being 
dra^vn  out  in  a  conical  form  to  fit  into  the  neck  of  the  above-named 
cup.  The  opposed  surfaces  are  fitted  by  grinding  or  by  covering  the 
conical  end  of  the  laboratory  vessel  with  thin  sheet  caoutchouc.  The 
joint  is  kept  tight  by  an  elastic  band  attached  at  one  end  to  the  stand, 
and  at  the  other  to  a  hook  on  the  horizontal  tube  of  the  laboratory 
vessel,  and  the  cup  is  filled  with  mercury. 

In  the  base  A  is  fixed  a  stout  iron  rod,  1  '4  meter  long,  with  a  short 
horizontal  arm  at  its  upper  end,  containing  two  grooved  pulleys.  The 
reservoir  t  is  suspended  by  a  cord  passing  over  these  pulleys,  and 
attached  to  an  eye  i/  in  the  iron  rod,  the  length  of  the  coid  being  such 
that,  when  at  full  stretch,  the  bottom  of  the  reservoir  is  level  with  the 
bottom  of  the  clamp  p.  A  loop  is  made  on  the  cord,  which  can  be 
secured  by  a  hook  v  on  the  rod,  so  that  when  thus  suspended,  the 
bottom  of  f  is  about  100  m.m.  above  the  stop-cock/.  A  stout  elastic 
band  fitted  round  t  at  its  largest  diameter  acts  usefully  as  a  fender  to 
protect  it  from  an  accidental  blow  against  the  iron  rod.  A 
thermometer  e,  suspended  by  a  wire  hook  from  the  edge  of  the 
cylinder,  n  n,  gives  the  temperature  of  the  contained  water,  the  mii- 
formity  of  which  may  be  insured  (though  it  is  scarcely  necessary)  by 
passing  a  slow  succession  of  bubbles  of  air  through  it  or  by  moving  up 
and  down  in  it  a  wire  with  its  end  bent  into  the  form  of  a  ring.  The 
jar  k  is  called  the  laboratory  vessel,  and  is  100  m.m.  high,  and  38  m.m. 
in  internal  diameter,  having  a  capillary  tube,  glass  stop-cock,  and  steel 
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cap  ^  h  exactly  like  /  g.  The  mercury  trough  I  is  showu  in  figs.  65 
and  66.  It  is  of  solid  mahogany,  265  m.m.  long,  80  m.m.  broad,  and 
90  m.m.  deep,  outside  measurement.  The  rim  a  a  a  a  is  8  m.m. 
broad,  and  15  m.m.  deep.  The  excavation  h  is  230  m.m.  long, 
26  m.m.  broad,  and  65  m.m.  deep,  with  a  circular  cavity  to  receive 
the  laboratory  vessel  sunk  at  one  end,  45  m.m.  in  diameter,  and 
20  m.m.  in  depth  below  the  top  of  the  excavation.  Two  small  lateral 
indentations  c  c  (fig.  66)  near  the  other  end  accommodate  a  capsule  for 


i 


Fig.  65. 


Fig.  66. 


transferring  to  the  trough  tubes  containing  gas.  This  trough  rests 
upon  a  telescope  table,  which  can  be  fixed  at  any  height  by  means  of 
a  screw,  and  is  supported  on  three  feet.  It  must  be  arranged,  so  that 
when  the  laboratory  vessel  is  in  its  place  in  the  trough,  the  two  steel 
caps  exactly  correspond  face  to  face. 

The  difference  of  level  of  the  mercury  in  the  tubes  h  and  a  c  d, 
caused  by  capillary  action,  when  l)oth  are  freely  open  to  the  air,  must 
be  ascertained  by  taking  several  careful  observations.  This  wiU  be 
different  for  each  of  the  jwrtions  a  c  and  (/,  and  must  be  added  to  or 
deducted  from  the  observed  pressure,  as  the  mercury  when  thus  freely 
exposed  in  both  tubes  to  the  atmospheric  pressure  stands  in  a  c  ot  d 
above  or  below  that  in  h.  This  correction  will  include  also  any  that 
may  be  necessary  for  diff'erence  of  level  of  the  zeros  of  the  graduations 
of  the  two  tubes,  and,  if  the  relative  positions  of  these  l)e  altered,  it 
must  be  redetermined.  A  small  telescope,  sliding  on  a  vertical  rod, 
should  be  used  in  these  and  all  other  readings  of  the  level  of  mercury. 

The  capacity  of  the  measuring  tube  a  c  (/  at  each  graduation  must 
now  be  determined.  Tliis  is  readily  done  by  first  filling  the  whole 
apparatus  with  mercury,  so  that  it  drips  from  the  cap  g.  The  stop- 
cock /  is  then  closed,  a  piece  of  caoutchouc  tube  slipped  over  the  cap, 
and  attached  to  a  fimnel  supplied  with  distilled  water.  The  reservoir 
t  being  lowered,  the  clamp  r  and  the  stop-cock  /  are  opened,  so  that 
the  merciuy  returns  to  the  reservoir,  water  entering  through  the 
capillary  tube.  As  soon  as  it  is  below  the  zero  of  the  graduation,  the 
stop-cock  /  is  closed,  the  funnel  and  caoutchouc  tube  removed  from 
the  cap,  and  the  face  of  the  last  slightly  greased  in  order  that  water 
may  pass  over  it  without  adhering.  Now  raise  the  reservoir,  open  the 
stop-cock  /,  and  allow  the  water  to  flow  gently  out  until  the  top  of  the 
convex  surface  of  the  mercury  in  a  just  coincides  with  the  zero  of  the 
graduation.  The  mercury  should  be  controlled  by  the  clamp  r,  so 
that  the  water  issues  under  very  slight  pressure.  Note  the 
temperature  of  the  water  in  the  water-jacket,  and  proceed  with  the 
expulsion  of  the  water,  collecting  it  as  it  drops  from  the  steel  cap,  in  a 
small  carefidly  weighed  glass  flask.     WTien  the  mercury   has  risen 
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throiigli  100  m.in.  stop  the  flow  of  water,  and  weigh  the  flask.  The 
weight  of  water  whicli  was  contained  between  the  graduations  0  and 
100  on  the  tube  is  then  known,  and  if  the  temperature  be  4**  C,  the 
weight  in  grams  will  express  the  capacity  of  that  part  of  the  tube  in 
cubic  centimeters.  If  the  temperature  be  other  than  4"  C,  the 
vohime  must  be  calculated  by  the  aid  of  the  co-efiicient  of  expansion 
of  water  by  heat.  In  a  similar  way  the  capacity  of  the  tube  at 
successive  graduations  about  100  m.m.  apart  is  ascertained,  the  last 
determination  in  a  being  at  the  highest,  and  the  first  in  c  at  the  lowest 
graduation  on  the  cylindrical  part  of  each  tube;  the  tube  between 
these  points  and  similar  i)oints  on  c  and  d  being  so  distorted  by  the 
glass  blower  that  observations  could  not  ^w^ell  be  made.  The  capacitor 
at  a  suflicient  number  of  points  being  ascertained,  that  at  each  of  the 
intermediate  graduations  may  be  calQulated,  and  a  table  arranged  with 
the  capacity  marked  against  each  graduation.  As  the  calculations  in 
the  analysis  are  made  by  the  aid  of  logarithms,  it  is  convenient  to 
enter  on  this  table  the  logarithms  of  the  capacities  instead  of  the 
natural  numbers. 

.  In  using  the  apparatus,  the  stop-cocks  on  the  measuring  tube  and 
laboratory  vessel  should  be  slightly  greased  with  a  mixture  of  resin 
cerate  and  oil,  or  vaseline,  the  whole  apparatus  carefully  filled  with 
mercury,  and  the  stop-cock  /  closed ;  next  j)lace  the  laboratory  vessel 
in  position  in  the  mercury  trough,  and  suck  out  the  air.  This  is 
readily  and  rapidly  done  by  the  aid  of  a  short  piece  of  caoutchouc 
tube,  placed  in  the  vessel  just  before  it  is  put  into  the  mercury  trough, 
and  drawn  away  as  soon  as  the  air  is  removed.  Suck  out  any  small 
bubbles  of  air  still  left  through  the  capillary  tube,  and  as  soon  as  the 
vessel  is  entirely  free  from  air  close  the  stop-cock.  Slightly  grease 
the  face  of  both  caps  with  resin  cerate  (to  which  a  little  oil  should  be 
added  if  very  still),  and  clamp  them  tightly  together.  On  opening 
both  stojvcocks  mercury  should  flow  freely  through  the  capillary 
communication  thus  formed,  and  the  whole  should  be  quite  free  from 
air.  To  ascertain  if  the  joints  are  all  in  good  order,  close  the  stop-cock 
h,  and  lower  the  reservoir  t  to  its  lowest  position  ;  the  joints  and 
stop-cocks  will  thus  be  subjected  to  a  pressure  of  nearly  half  an 
atmosphere,  and  any  leakage  would  speedily  be  detected.  If  all  be 
right,  restore  the  reservoir  to  its  upper  position. 

Transfer  the  tube  containing  the  gas  to  be  analyzed  to  an  ordinary 
l)orcelain  mercury  trough ;  exchange  the  beaker  in  which  it  has  been 
standing  for  a  small  porcelain  capsule,  and  transfer  it  to  the  mercury 
trough  /,  the  capsule  finding  ample  room  where  th(;  trough  is  widened 
bv  the  recess  D. 

Carefully  decant  the  gas  to  the  laboratory  vessel,  and  {idd  a  drop  or 
two  of  potassium  bichromate  solution  (B.  ij)  from  a  small  pipette  with 
a  bent  capillary  delivery  tube,  to  ascertain  if  the  gas  contains  any 
.sulphurous  anhydride.  If  so,  the  yellow  solution  will  immediately 
become  green  from  the  formation  of  a  chromic  salt,  and  the  gas  must 
be  allowed  to  stand  over  the  chromate  for  four  or  five  minutes,  a  little 
more  of  the  solution  being  added  if  necessary.  The  absorption  may 
be  greatly  accelerated  by  gently  shaking  from  time  to  time  the  stand 
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on  whicli  the  mercury  trough  rests,  so  as  to  cause  the  solution  to  wet 
the  sides  of  tlie  vesseh  With  care  this  may  be  done  without  danger 
to  the  apparatus.  Mercury  shouhi  be  allowed  to  pass  slowly  into  the 
laboratory  vessel  during  the  whole  time,  as  the  drops  falling  tend  to 
maintain  a  circulation  ]x)th  in  the  gas  and  in  the  absorbing  liquid. 
The  absence  of  sulphurous  anhydride  being  ascertained,  both  stop- 
cocks are  set  fully  open,  the  reservoir  t  lowered,  and  the  gas  trans- 
ferred to  the  measuring  tul>e.  The  stop-cock  h  should  be  closed  as 
soon  as  the  liquid  from  the  laboratory  vessel  is  within  about  10  m.m. 
of  it.  The  bore  of  the  capillary  tube  is  so  fine,  that  the  quantity  of 
gas  contained  in  it  is  too  small  to  att'ect  the  result.  Next  bring  the 
top  of  the  meniscus  of  mercury  seen  through  the  telescope  exactly  to 
coincide  with  one  of  the  graduations  on  the  measuring  tube,  the 
passage  of  mercury  to  or  from  the  reservoir  being  readily  controlled  by 
the  pinch-cock  r.  Note  the  ix)sition  of  the  mercury  in  the  measuring 
tube  and  in  the  pressure  tube  //,  the  temjwrature  of  the  water-jacket, 
and  the  height  of  the  Imrometer,  the  level  of  the  mercury  in  the 
pressure  tulm  and  barometer  Ijeing  read  to  the  tenth  of  a  m.m.  and 
the  thermometer  to  0*1  *  C.  This  done,  introduce  into  the  laboratory 
vessel  from  a  pijHjtte  with  a  bent  point,  a  few  drops  of  potassium 
hydrate  solution  (B.  6),  and  return  the  gas  to  the  laboratory  vessel. 
The  absorption  of  carbonic  anhydride  will  l)e  complete  in  about  three 
to  five  minutCvS,  and  if  the  volume  of  the  gas  is  large,  may  be  much 
accelerated  by  gently  shaking  the  stand  from  time  to  time,  so  as  to 
throw  up  the  liquid  on  the  sides  of  the  vessel.  If  the  small  pipettes 
used  to  introduce  the  various  solutions  are  removed  from  the  mercury 
trough  gently,  they  will  always  contiiin  a  little  mercury  in  the  bend, 
which  will  suffice  to  keej>  tlie  solution  from  flowing  out,  and  they  may 
l)e  kept  in  readiness  for  use  stiiuding  ui)right  in  glass  cylinders  or 
other  conveni(Mit  supports.  At  the  end  of  live  minutes  the  gas,  which 
now  (consists  of  nitrogen  and  nitric  oxide,  is  again  transferred  to  the 
measuring  tul)e,  and  the  opemtion  of  me^isuring  repeated ;  the 
barometer,  however,  need  not  Ix^  observed,  under  ordinary  circum- 
stances, more  than  once  for  each  analysis,  as  the  atmospheric  j)ressur(* 
will  not  materially  vary  during  the  twenty-five  to  thirty  minutes 
requircMl.  N(?xt  pass  into  the  laboratory  vessel  a  few  droj)s  of 
saturated  solution  of  j)yrogallic  acid  (B. «)»  ^"<^  return  the  gas  upon  it. 
The  object  of  aihling  th(;  pyrogallic  acid  at  this  stage  is  to  ascertain  if 
oxygen  is  present,  as  sometimes  haj)pens  when  the  total  quantity  of 
gas  is  very  small,  and  the  vacuum  <luring  the  combustion  but  sliglitly 
impaired.  Under  such  circumstances,  traces  of  oxygen  are  given  off 
by  the  cupric  oxide,  and  pass  so  raj>idly  over  tlie  metallic  copper,  as  to 
escape  absorption.  This  necessarily  involves  the  loss  of  any  nitric 
oxide  which  also  escapes  the  copper,  but  this  is  such  a  very  small 
proportion  of  an  already  small  quantity  that  its  loss  will  not 
appreciably  affect  the  result.  If  oxygen  l>e  )>resent,  allow  the  gas  to 
n-main  exjwsed  to  the  action  of  the  pyrogallati*  until  tlie  li(piitl  when 
thrown  up  the  sides  of  the  laboratory  vessel  runs  oil*  without  heaving 
a  dark  red  stain.  If  oxygen  In*  not  present,  a  few  bubbles  of  that  gas 
(B.  X)  are  introduced  to  oxidize  tin*  nitric  oxide  to  pernitric  oxide, 
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which  is  absorbed  by  the  potassium  hydrate.     The  oxygen  may  ])e 
very  conveniently  added  from  the  gas  pipette  shown  in  fig.  67,  where 

a  h  are  glass  bulbs  of  about 
50  m.m.  diameter,  connected  by  a 
glass  tube,  the  bore  of  which  is 
constricted  at  c,  so  as  to  allow 
mercury  to  pass  but  slowly  from 
one  bulb  to  the  other,  and  thus 
control  the  passage  of  gas  through 
the  narrow  delivery  tube  d.  The 
Fig.  67.  other   end   e   is   provided  with  a 

short  piece  of  caoutchouc  tube,  by 
bloAving  through  which  any  desired  quantity  of  gas  may  be  readily 
delivered.  Care  must  be  taken  after  use  that  the  delivery  tube  is  not 
removed  from  the  trough  till  the  angle  d  is  filled  with  mercury. 

To  replenish  the  pipette  with  oxygen,  fill  the  bulb  h  and  the  tu]>es 
c  and  d  with  mercury ;  introduce  the  point  of  d,  into  a  tube  of  oxygen 
standing  in  the  mercury  trough,  and  draw  air  from  the  tube  e.  The 
gas  in  6  is  confined  between  the  mercury  in  c  and  that  in  d. 

When  the  excess  of  oxygen  has  been  absorbed  as  above  described, 
the  residual  gas,  which  consists  of  nitrogen,  is  measured,  and  the 
analysis  is  complete.  * 

There  are  thus  obtained  three  sets  of  observations,  from  which,  by 
the  usual  methods,  we  may  calculate  A  the  total  volume,  B  the 
volume  of  nitric  oxide  and  nitrogen,  and  C  the  volume  of  nitrogen,  all 
reduced  to  0**  C.  and  760  m.m.  pressure ;  from  these  may  be  obtained — 

A  -  B  =  vol.  of  CO2, 

^4-C  =  5+^  =  vol.  of  N, 

and  hence  the  weight  of  carbon  and  nitrogen  can  be  readily  found. 

It  is  much  less  trouble,  however,  to  assume  that  the  gas  in  all 
three  stages  consists  wholly  of  nitrogen ;  then,  if  A  be  the  weight 
of  the  total  gas,  B  its  weight  after  treatment  with  potassium  hydrate, 
and  C  after  treatment  with  pyrogallate,  the  weight  of  carbon  will 

Q  "R  4-  P 

be  (A-B)=  and  the  weight  of  nitrogen   — - — ;   for  the  weights 

of  carbon  and  nitrogen  in  equal  volumes  of  carbon  anhydride  and 
nitrogen,  at  the  same  temperature  and  pressure,  are  as  6  :  14;  and 
the  weights  of  nitrogen  in  equal  volumes  of  nitrogen  and  nitric  oxide 
are  as  2  :  1. 

*When  the  quantity  of  curbon  is  very  large  indeed,  traces  of  carbonic  oxide  are 
oocamonaUy  present  in  the  gas,  and  will  remain  with  the  nitrogen  after  treatment  with 
alkaline  pyrogallate.  When  such  excessive  quantities  of  carbon  are  found,  the  stoi>-cock/ 
should  be  closed  when  the  last  measurement  is  made,  the  laboratory  vessel  detachecf, 
washed,  and  replaced  filled  with  mercury.  Introduce  then  a  little  solution  of  cuproas 
chloride  (B.  *^)>  and  return  the  ^ras  upon  it.  Any  carbonic  oxide  will  be  absorbed,  and  after 
about  five  minutes  the  remaining  nitrogen  may  be  measured.  In  more  than  twenty 
consecutive  analyses  of  waters  of  very  varying  kinds,  not  a  trace  of  carbonic  oxide  was 
found  in  any  of  the  gases  obtained  on  combustion. 
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The  weight  of  1  c.c.  of  nitrogen  at  0°  C.  and  760  m.m.  is  0*0012562 

gm.,  and  the  formula  for  the   calculation  is  w  = -^991^^^1^11211 
*  (1+0-003670760 

in  which  w  =  the  weight  of  nitrogen,  v  the  volume,  p  the  pressure 

corrected  for  tension  of  aqueous  vapour,  and  t  the  temperature  in 

degrees  centigrade.     To  facilitate  this  calculation,  there  is  given  in 

Table  2  the  logarithmic  value   of   the  expression- — ^  ^^^  ,  f*  >, — 

^  *  (1+0-003670  760 

for  each  tenth  of  a  degree  from  0°  to  29-9°  C,  and  in  Table  1  (Tables 
1  to  8  are  inserted  at  the  end  of  Part  6)  the  tension  of  aqueous  vapour 
in  millimeters  of  mercury.  As  the  measuring  tube  is  always  kept 
moist  with  water,  the  gas  when  measured  is  always  saturated  with 
aqueous  vapour. 

The  following  example  will  show  the  precise  mode  of  calculation  : — 


A 

B 

C 

Total. 

After  absorption 
of  CO^. 

Nitrogen. 

yolmne  of  gas    . 

.  4*4888  CO. 

0-26227  CO. 

0-26227  C.c. 

Temperature 

IZ'b"* 

13*6'* 

13*7** 

m.m. 

m.m. 

m.m. 

Height  of  mercury  in  a,  e,  d. 

3100 

480*0 

480*0 

»»          i»          »»*'»• 

193*5 

343*5 

328*2 

Difference 

116*6 

136*5 

151*8 

FloB  tension  of  aqueous  vapour  . 

11*5 

11*6 

11*7 

Deduct  correction  for  capillarity  . 


Deduct  this  from  height  of  bar 

Tension  of  dry  gas     . 

Logarithm  of  volume  of  gas 

00012562 


1280 
0*9 

127-1 


Add  for  )  2*2 
capillarity  ) 

150*3 


n 
» 


»» 

»» 


(1  +  0*003670760 
tension  of  dry  g^s 


127-1 

642*7 
0*65213 


619724 
2*80801 


Logarithm  of  weight  of  gas  calcu- 
lated as  N '5*65738 

=0-0045434 


769^ 
150*3 

619*5 
T*41875 

5*19709 
2*79204 


4*40788 
0*0002558 


22 


604-1 
1*41875 

3-19694 
2*78111 


2*89680 
0'0002494gm. 


From  these  weights,  those  of  carbon  and  of  nitrogen  are  obtained 
by  the  use  of  the  formulae  above  mentioned.     Thus — 

A  -  B  =  0-0042876                                  B  +  C  =  0-0005052 
X 3  -r2 

H-  7)0-0128628  Weight  of  nitrogen,  0*0002526 

Weight  of  carbon,  0-001837 


When   carbonic    oxide    is    found,    the    corresponding    weight   of 
nitrogen  may  be  found  in  a  similar  manner,  and  should  be  added 
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to  that  corresponding  to  the  carbonic  anhydride  l)efore  multiplying 

by  '-  and  must  be  deducted  from  the  weight  corresponding  to  the 

*> 
volume  after  absorption  of  carbonic  anhydride. 

As  it  is  impossible  to  attain  to  absolute  perfection  of  manipulation 
and  materials,  each  analyst  should  make  several  blank  experiments  by 
evaporating  a  liter  of  pure  distilled  water  (B.  a)  with  the  usual 
quantities  of  sulphurous  acid  and  ferrous  cliloride,  and,  in  addition, 
O'l  gm.  of  freshly  ignited  sodium  chloride  (in  order  to  furnish  a 
tangible  residue).  The  residue  should  be  burnt  and  the  resulting  gas 
analyzed  in  the  usual  way,  and  the  average  amounts  of  carlx)n  and 
nitrogen  thus  obtained  deducted  from  the  results  of  all  analyses.  This 
correction,  which  may  be  about  0*0001  gm.  of  C  and  0*00005  gm.  of 
N,  includes  tlie  errors  due  to  tlie  imperfection  of  the  vacuum  produced 
by  the  Sprengel  pump,  nitrogen  retained  in  the  cupric  oxide, 
ammonia  absorbed  from  the  atmosphere  during  evaporation,  etc. 

When  the  quantity  of  nitrogen  as  ammonia  exceeds  0*007  jmrt  per 
100,000,  there  is  a  certain  amount  of  loss  of  nitrogen  diu-ing  the 
evaporation  by  dissipation  of  anmionia.  This  appears  to  be  very 
constant,  and  is  given  in  Table  3,  which  is  calculated  from  Table  5, 
which  has  been  kindly  furnished  by  the  late  Sir  E.  Frank  land.  The 
number  in  this  table  corresponding  to  the  quantity  of  nitrogen  as 
anunonia  present  in  tlie  water  analyzed  should  be  added  to  the  amouut 
of  nitrogen  found  bv  combustion.  The  number  thus  obtained  includes 
the  nitrogen  as  ammonia,  and  this  must  be  deducted  to  ascertain  the 
organic  nitrogen.  If  *' ammonia"  is  determined  instead  of  "nitrogen 
as  ammonia,"  Table  5  may  be  used. 

AVhen,  in  operating  upon  sewage,  hydric  metaphosphate  has  been 
employed.  Tables  4  or  6  should  be  used. 

Bules  for  Converting  parts  per  100,000  into  Grains  per 

Gallon,  or  the  reverse. 

To  convert  i)arts  per  100,000  into  gmins  per  gallon,  multiply 
])y  0*7.    -  -  ^       • 

To  convert  grains  j)er  gallon  into  parts  i)er  100,000,  divide 
by  0*7. 

To  convert  grams  -^^er  liter  into  -grains  per  gallon,  multiply 
by  70. 

5.  Estimation  of  Total  Solid  Matter.— Evaporate  over  a  steam 
or  water  bath  half  a  liter  or  a  less  quantity  of  the  water  in  a  platinum 
dish  which  has  been  heated  to  redness  and  carefidly  weighed.  The 
water  should  be  tiltered  or  unfiltered,  according  to  the  decision  made 
in  that  respect  at  the  commencement  of  the  analysis.  The  quantity 
to  be  taken  is  regulated  chiefly  by  the  amount  of  nitrate  lu-esent,  as 
the  residue  from  this  operation  is,  with  certain  exce])tions,  employed 
for  the  determination  of  the  nitrogen  as  nitrates  and  nitrites.  As  a 
general  rule,  for  water  supplies  and  river  water  lialf  a  liter  shoidd  be 
used ;  for  shallow  well  waters,   a  (juarter  of  a  liter.      Of  sewages, 
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100  c.c.  and  of  waters  coiitaiiiiiig  more  than  0*08  i>art  of  nitrogen  as 
ammonia  per  100,000,  a  quarter  of  a  liter  will  generally  be  convenient, 
as  in  these  cases  the  residue  will  not  he  used  for  the  estimation  of 
nitrogen  as  nitrates  and  nitrites ;  and  the  only  point  to  be  considered 
is  to  have  a  quantity  of  residue  suitable  to  weigh.  It  is  desirable  to 
8Upi)ort  the  platinum  dish  during  evai)oration  in  a  glass  ring  with  a 
flange,  8haj)ed  like  the  top  of  a  beaker,  the  cylindrical  part  l>eing 
al)OUt  20  m.m.  deep.  This  is  dropi>ed  into  the  metal  xiiig  on  the 
water-l>ath,  and  thus  lines  the  metal  witli  glass,  and  keef)s  the  dish 
clean.  A  glass  disc  with  a  hole  iii  it  to  receive  the  dish  is  not 
satisfactory,  as  drops  of  water  conveying  solid  matter  find  their  way 
acn^ss  tlie  under  surface  from  the  metal  vessel  to  the  dish,  and  thus 
soil  it.  As  soon  as  the  evai)oration  is  complete,  the  dish  with  the 
residue  is  removed,  its  outer  side  wiped  dry  with  a  cloth,  and  it  is 
dried  in  a  wat<*r  or  steam  oven  for  about  tlirei*  hours.  It  is  then 
removed  to  a  desiccator,  allowed  to  cool,  weighed  as  rapidly  as  possible, 
returned  to  the  oven,  and  weighed  at  intervals  of  an  hour,  until 
l>etween  two  succe.**sive  weighings  it  has  lost  bws  than  0*001  gm. 

6.     Estimation   of    Nitrogen    as   Nitrates   and   Nitrites. 
The  residue  obt^iined  in  the  preceding  oj)ertition  may  l)e  used  for  this 

estimation.  Treat  it  with  alwiut  .'50  c.c.  of  hot  distilled  water,  taking 
care  to  submit  the  whole  i>f  the  residue  to  its  a(;tion.  To  ensure  this 
it  is  advisable  to  rub  the  dish  gently  with  the  linger,  so  as  to  detach 
the  solid  matter  as  far  tis  possible,  and  facilitate  the  solution  of  the 
soluble  matters.  The  finger  may  be  coven?d  by  a  caoutchouc  linger-stall. 
Then  iilter  through  a  very  small  tilter  of  Swedish  paper,  washing 
the  dish  several  times  with  small  (piantities  of  hot  distilled  water. 

The  tiltnite  must  be  evai>orated  in  a  very  small  beaker,  over 
a  stciim  bath,  until  reduced  to  about  1  c.c,  or  even  to 
drvness.  This  concentrated  solution  is  intrcwluced  into  the 
gla.ss  tul>e  shown  in  tig.  6S,  sUmding  in  the  iM)rcelain  mercury 
trough,  tilled  up  to  the  stoi)-cock  with  mei-cury.  (If  the 
nitrometer  of  Lunge  is  used  in  pla<'e  of  Crum's  tube,  tlie 
use  of  the  laboratory  tube  and  gas  apj)aratus  is  avoided.) 
The  tube  is  210  m.m.  in  toUil  length  and  15  m.m.  in 
internal  diameter.  By  pouring  the  liquid  into  the  cup  at  the 
t<^)p,  and  then  cautiously  opening  the  stop-cock,  it  may  l>e  run 
into  the  tube  without  a<lmitting  any  air.  Tlui  beaker  is 
rinsed  once  with  a  very  little  hot  distilled  water,  and  then 
two  or  three  times  with  strong  sulphuric  aci»l  (C.  «),  the 
volume  of  acid  being  to  that  of  th(i  afjueous  solution  about  as 
.3  :  2.  The  toUil  volume  of  acivl  and  water  should  be  about 
6  c.c.  Should  anv  air  bv  chance  l)e  admitUid  at  this  stage, 
it  may  readily  be  removcMl  l>y  suction,  the  lips  being  applietl 
to  the  cup.  With  care  there  is  but  little  danger  of  getting 
acid  into  the  mouth. 

In  a  few  cases  carbonic  anhvdride  is  given  ot!  on  addition 

of  sulphuric  acid,  and  must  be  sucked  out  Ix^fore  proceeiling. 

Fig.  (JJJ.       Now  grasj)  the  tube  iirndy  in  the  hand,  closing  the  t)i»en 
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end  by  the  thumb,  which  should  be  first  moistened;  withdraw  it 
from  the  trough,  incline  it  at  an  angle  of  about  45",  the  cup  pointing 
from  you,  and  shake  it  briskly  with  a  rapid  motion  in  the  direction  of 
its  length,  so  as  to  throw  the  mercury  up  towards  the  stop-cock. 
After  a  very  little  practice  there  is  no  danger  of  the  acid  finding  its 
way  down  to  the  thumb,  the  mixture  of  acid  and  mercury  being  con- 
fined to  a  comparatively  small  portion  of  the  tube.  In  a  few  seconds 
some  of  the  mercury  becomes  very  finely  divided ;  and  if  nitrates  be 
present,  in  about  a  minute  or  less  nitric  oxide  is  evolved,  exerting  a 
strong  pressure  on  the  thinub.  Mercury  is  allowed  to  escape  as  the 
reaction  proceeds,  by  partially,  but  not  wholly,  relaxing  the  pressure 
of  the  thumb.  A  slight  excess  of  pressure  should  be  maintained 
within  the  tube  to  prevent  entrance  of  air  during  the  agitation,  which 
must  be  continued  imtil  no  more  gas  is  evolved. 

When  the  quantity  of  nitrate  is  very  large,  the  mercury,  on  shaking, 
breaks  up  into  irregular  masses,  which  adhere  to  one  another  as  if 
alloyed  witli  lead  or  tin,  and  the  whole  forms  a  stiff  dark-coloured 
paste,  which  it  is  sometimes  very  difiicult  to  shake ;  but  nitric  oxide 
is  not  evolved  for  a  considerable  time,  then  comes  ofif  slowly,  and 
afterwards  with  very  great  rapidity.  To  have  room  for  the  gas 
evolved,  the  operator  should  endeavour  to  shake  the  tube  so  as  to 
employ  as  little  as  possible  of  the  contained  mercury  in  the  reaction. 
At  the  close  of  the  operation  the  finely  divided  mercury  will  consist 
for  the  most  part  of  minute  spheres,  the  alloyed  appearance  being 
entirely  gone.  An  experiment  with  a  large  quantity  of  nitrate  may 
often  be  saved  from  loss  by  firmly  resisting  the  escape  of  mercury, 
shaking  until  it  is  judged  by  the  appearance  of  the  contents  of  the 
tube  that  the  reaction  is  complete,  and  then  on  restoring  the  tube  to 
the  mercury  trough,  allowing  the  finely-divided  mercury  also  to  escape 
in  part.  If  the  gas  evolved  be  not  more  than  the  tube  will  hold,  and 
there  be  no  odour  of  pemitric  oxide  from  the  escaped  finely-divided 
mercury,  the  operation  may  be  considered  successful.  If  the  amount 
of  nitrate  be  too  large,  a  smaller  quantity  of  the  water  must  be 
evaporated  and  the  operation  repeated.  When  no  nitrate  is  present, 
the  mercury  usually  manifests  very  little  tendency  to  become  divided, 
that  which  does  so  remains  bright,  and  the  acid  liquid  does  not  become 
so  turbid  as  it  does  in  other  cases. 

The  reaction  completed,  the  tube  is  taken  up  closed  by  the  thumb, 
and  the  gas  is  decanted  into  the  laboratory  vessel,  and  measured  in  the 
usual  way  in  the  gas  apparatus.  The  nitpic  acid  tube  is  of  such 
a  length,  that  when  the  cup  is  in  contact  with  the  end  of  the  mercury 
trough,  the  open  end  is  just  under  the  centre  of  the  laboratory  vessel. 
If  any  acid  has  been  expelled  from  the  tube  at  the  close  of  the 
shaking  operation,  the  end  of  the  tube  and  the  thumb  should  be  washed 
with  water  before  introducing  into  the  mercury  trough  of  the  gas 
apparatus,  so  as  to  remove  any  acid  which  may  be  adhering,  which 
would  destroy  the  wood  of  the  trough.  Before  passing  the  gas  into 
the  measuring  tube  of  the  gas  apparatus,  a  little  mercury  should  be 
allowed  to  run  over  into  the  laboratory  vessel  to  remove  the  acid  from 
the  entrance  to  the  capillary  tube. 
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As  nitric  oxide  contains  lialf  its  volume  of  nitrogen,  if  half  a  liter 
of  water  has  been  employed,  the  volume  of  nitric  oxide  obtained  will 
be  equal  to  the  volume  of  nitrotjen  present  as  nitrates  and  nitrites  in 
one  liter  of  the  water,  and  the  weight  of  the  nitrogen  may  l)e 
calculated  as  directed  in  the  jmragraph  on  the  estimation  of  organic 
carbon  and  nitrogen. 

When  more  than  0*08  jwirt  of  nitrogen  as  ammonia  is  present  in 
100,000  part<»  of  li(|uid,  there  is  danger  of  loss  of  nitrogen  by 
decomi>osition  of  ammonium  nitrite  on  evaporation  ;  and  therefore 
the  residue  from  the  estimation  of  total  solid  matter  cannot  Ije  used. 
Di  such  cases  acidify  a  fresh  (juantity  of  the  liquid  with  dilute  hydric 
sulphate,  add  solution  of  jwtassium  permanganate,  a  little  at  a  time, 
until  the  pink  colour  remains  for  about  a  minute,  and  render  the 
liquid  just  alkaline  to  litmus  paper  with  sodium  carbonate.  The 
nitrites  present  will  then  be  converted  into  nitrates  and  may  be 
evaporated  without  fear  of  loss.  Use  as  little  of  each  reagent  as 
possible.  Sewage  may  l)e  examined  in  this  way ;  but  it  is  hardly 
necessary  to  attempt  the  determination,  as  sewage  is  almost  invariably 
free  from  nitrates  and  nitrites.  Out  of  several  hundred  specimens, 
the  writer  only  found  two  or  three  which  contained  any,  and  even 
then  only  in  very  small  quantity. 

7.  Estimation  of  Nitrogen  as  Nitrates  and  Nitrites  in 
Waters  containing  a  very  large  quantity  of  Soluble  Matter, 
with  but  little  Ammonia  or  Organic  Nitrogen. — When  the 
quantity  of  solu])le  matter  is  excessive,  as,  for  example,  in  sea-water, 
the  preceding  method  is  inapplicable,  as  the  solution  to  be  employed 
cannot  l)e  reduced  to  a  sufficiently  small  bulk  to  go  into  the  shaking 
tube.  If  the  quantity  of  organic  nitrogen  ])e  less  than  0*1  part  in 
100,000  the  nitrogen  as  nitrates  and  nitrites  may  generally  be 
determined  by  the  following  modification  of  Schulze^s  method 
devised  by  E.  T.  Chapman.  To  200  c.c.  of  the  water  add  10  c.c. 
of  sodium  hydrate  solution  (C.  t),  and  boil  briskly  in  an  open 
porcelain  dish  until  it  is  reduced  to  about  70  c.c.  When  cold  jKJur 
the  residue  into  a  tall  glass  cyclinder  of  about  120  c.c.  cajwicity,  and 
rinse  the  dish  with  water  free  from  ammonia.  Add  a  piece  of 
aluminium  foil  of  about  15  sq.  centim.  area,  loading  it  with  a  piece  of 
clean  glass  rod  to  keep  it  from  floating.  Close  the  mouth  of  the 
cylinder  with  a  cork,  bearing  a  small  tube  filled  with  pumice  (C.  f), 
moistened  with  hydric  chloride  free  from  ammonia  (C.  ly). 

Hydrogen  will  speedily  be  given  off  from  the  surface  of  the 
aluminium,  and  in  five  or  six  hours  the  whole  of  the  nitrogen  as 
nitrates  and  nitrites  will  \yQ  converted  into  ammonia.  Transfer  to 
a  small  retort  the  contents  of  the  cylinder,  together  with  the  pumice, 
washing  the  whole  apparatus  with  a  little  water  free  from  ammonia. 
Distil,  and  estimate  ammonia  in  the  usual  way  with  Nessler  solution. 
It  appears  impossible  wholly  to  exclude  ammonia  from  the  reagents 
and  apparatus,  and  therefore  some  blank  experiments  should  be  made 
to  ascertain  the  correction  to  Ihj  applied  for  tliis.  This  correction  is 
very  small,  and  appears  to  be  nearly  constant. 
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8.  Estimation  of  Nitrates  as  Ammonia  by  the  Copper- 
zinc  Couple. — It  is  well  known  that  when  zinc  is  immersed  in 
coi)per  sulphate  solution  it  becomes  covered  >nth  a  spongy  deposit  of 
precipitated  copper.  If  the  solution  of  copper  sulphate  be  sufficiently 
dilute,  this  deposit  of  copper  is  black  in  colour  and  firmly  adherent 
to  the  zinc.  It  is,  however,  not  so  generally  known  that  the  zinc 
upon  which  copper  has  thus  been  deposited  possesses  the  power  of 
de<?om posing  pure  distilled  water  at  the  ordinary  temperature,  and 
that  it  is  capable  of  effecting  many  other  decompositions  which  zinc 
alone  cannot.  Among  these  is  the  decomposition  of  nitrates,  and  the 
transformation  of  the  nitric  acid  into  ammonia.  Gladstone  and 
Tribe  have  shown  that  the  action  of  the  "  copper-zinc  couple "  (as 
they  call  the  conjoined  metals)  upon  a  nitre  solution  consists  in  the 
electrolysis  of  the  nitre,  resulting  in  the  lil)eration  of  hydrogen  and 
the  formation  of  zinc  oxide.  This  hydrogen  is  liberated  upon  and 
occluded  by  the  spongy  copper,  and  when  thus  occluded,  it  is  capable 
of  reducing  the  nitre  solution  in  its  vicinity.  The  nitrate  is  first 
reduced  to  nitrite,  and  the  nitrous  acid  is  subsequently  transformed 
into  ammonia  by  the  furtber  action  of  the  hydrogen.  M.  W.  Williams 
has  shown  (/.  C,  S.  1881,  100)  that  even  in  very  dilute  solutions  of 
nitre  the  nitric  acid  can  be  completely  converted  into  ammonia  in  this 
manner  with  considerable  rapidity;  and  further,  that  the  reaction 
may  be  greatly  hastened  by  taking  advantage  of  the  influence  of 
temperature,  acids,  and  certain  neutral  salts,  which  increase  the 
electrolytic  action  of  the  couple.  His  experiments  prove  that  carbonic 
acid — feeble  acid  as  it  is — suffices  to  treble  the  speed  of  the  reaction, 
and  that  traces  of  sodium  chloride  (0*1  per  cent.)  accelerated  it  nearly 
ivs  much  as  carbonic  acid.  A  rise  of  a  few  degrees  in  temperature 
was  also  found  to  hasten  the  reaction  in  a  very  marked  degree.  The 
presence  of  alkalies,  alkaline  earths,  and  salts  having  an  alkaline 
reaction,  was  found  to  retard  the  speed  of  the  reduction. 

Williams  has,  upon  those  experiments,  found  a  simple  and 
expeditious  process  for  estimating  the  nitric  and  nitrous  acid  in  water 
analysis,  which,  when  used  with  skill,  may  be  applied  to  by  far  the 
greater  number  of  watei-s  with  which  the  analyst  is  usually  called  upon 
to  deal  {Avalyd,  1881,  36).  The  requisite  copper-zinc  couple  is 
l)reimred  in  the  follo^\'ing  manner  : — The  zinc  employed  should  be 
clean,  and  for  the  sake  of  convenience  should  be  in  the  form  of  foil  or 
very  thin  sheet.  It  should  be  introduced  into  a  flask  or  bottle,  and 
covered  with  a  solution  of  copper  sulphate,  containing  about  3  per 
cent,  of  the  crystallized  salt,  which  should  be  allowed  to  remain  upon 
it  until  a  coj>ious,  firmly  adherent  coating  of  black  copper  has  been 
deposited.  This  dei>()sition  should  not  be  pushed  too  far,  or  the 
copper  will  be  so  easily  detached  that  the  couple  cannot  be  washed 
without  impairing  its  activity.  Wlien  sufficient  copper  has  been 
deposited  the  solution  should  l>e  poured  oti',  and  the  conjoined 
metfils  washed  with  distilled  water.  The  wet  couple  is  then  ready 
for  use. 

To  use  it  for  the  estimation  of  nitrates  it  should  be  made  in  a  wide- 
mouthed  stop]>ered  bottle.     After  washing,  it  is  soaked  with  distilled 
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water ;  to  ilisplace  this,  it  is  first  waslied  witli  some  of  tlie  water  to 
l)e  analyzed,  and  the  l)otth;  tilled  up  witli  a  further  quantity  of  the 
water.  The  stopper  is  then  inserted,  and  the  bottle  allowed  to  digest 
in  a  warm  place  for  a  few  liours.  If  the  lx)ttle  be  well  filled  and 
stopi^ered,  the  temperature  may  be  raised  to  30"  C,  or  even  hi<;her, 
without  any  fear  of  losing  ammonia.  The  reaction  will  then  proceed 
very  rapidly ;  but  if  it  be  desired  to  hasten  the  reaction  still  more,  a 
little  salt  should  be  added  (a]>out  0*1  gm.  to  every  100  c.c),  or  if  thert^ 
be  any  objection  to  this,  the  water  may  have  carbonic  acid  passed 
through  it  for  a  few  minutes  l)efore  it  is  jx^ured  u\yon  the  couple.  In 
the  case  of  calcareous  waters,  the  same  hastening  effect  may  be 
obtained,  and  the  lime  may  at  the  same  time  be  removed  by  adding  a 
very  little  pure  oxalic  aci<l  to  the  water  Ixifore  digesting  it  upon  the 
couple.  Williams  has  shown  that  nitrous  acid  always  remained  in 
the  solution  until  the  reaction  wa«  finished.  By  testing  for  nitrous 
acid  the  completeness  of  the  reaction  may  be  ascertaineti  with 
certainty,  and  jMjrliaps  the  most  d(»licate  test  that  can  be  applied  for 
this  purpose  is  that  of  Griess,  in  which  metaphenylene-iliamine  is 
tlie  reagent  employed.  When  a  solution  of  this  substance  is  added  to 
a  portion  of  the  fluid,  and  acidifie<l  with  sulphuric  acid,  a  yellow 
colouration  is  produce*!  in  aliout  half  an  hour  if  the  least  trace  of  a 
nitrite  be  present.  The  reaction  easily  detects  one  part  of  nitrous 
acid  in  ten  millions  of  water.  When  no  nitrous  acid  is  found,  the 
water  is  poure<l  off  the  couple  into  a  stopp(»red  ])ottle,  and,  if  turbid, 
allowed  to  subside.  A  portion  of  the  clear  fluid,  more  or  less  according 
to  the  concentration  of  the  nitrat(»s  in  the  water,  is  put  into 
a  Nessler  glass,  diluted  if  necessarj',  and  titrated  with  Nessler's 
re-agent  in  the  ordinary  way. 

This  process  may  be  used  for  the  majority  of  onlinary  waters — for 
tliose  that  are  coloured,  and  those  that  contain  magnesium  or  other 
substances  sufficient  to  interfere  with  the  Nessler  reagent,  a  portion 
of  the  fluid  pourtMl  off  the  couple  should  be  put  into  a  small  retort,  and 
distilled  with  a  little  jmre  lim(!  or  sodium  carbonate,  and  the  titration 
of  the  ammonia  performed  upon  the  distillates. 

About  one  s<iuare  decimeter  of  zinc  should  be  used  for  every  200  c.c. 
of  a  water  continuing  five  jwirts  or  less  of  nitric  acid  in  100,000.  A 
large  proportion  should  Im  used  with  waters  riclier  in  nitrates.  The 
couple,  after  washing,  may  Ik?  used  for  two  or  three  waters  more. 
When  either  carbonic  or  oxalic  or  anv  oth**r  acid  has  been  added  to 
the  water,  a  larger  proportion  of  Nessler  reagent  should  Ix*  employed 
in  titrating  it  tlian  it  is  usual  to  add.  3  c.c.  to  100  of  the  wat(»r  are 
sufficient  in  almost  all  cases. 

Blunt  {Analyst  vi.  202)  jMnnts  out  that  the  above  i)roce88  may  ]>e 
used  without  distillation,  and  with  accuracy,  in  tlie  case  of  any  water, 
by  adding  oxalic  acid  to  a  double  quantity  of  the  sample,  dividing, 
and  using  one  portion  (clarified  completely  by  subsidence  in  a  closely 
stoppered  bottle)  as  a  comparison  liquid  for  testing  against  the  other, 
wliich  has  been  treated  with  the  coj)per-zinc  couj>le.  When  dilution 
is  used  it  must  Ixj  done  in  both  portions  equally.  This  plan  possesses 
the  advantages  that  an  ecpial  turbidity  is  produced  by  Nessler  in  both 
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portions,  and  any  traces  of  ammonia  contained  in  the  oxalid  acid  will 
have  the  error  due  to  it  corrected. 

A  convenient  method  for  this  process  is  mentioned  by  Keating 
Stock  as  follows: — A  wide-moutlied  stoppered  bottle  holding  about 
200  c.c.  is  filled  nearly  to  the  neck  with  granulated  zinc.  Water  is 
added,  then  a  few  drops  of  1  to  3  of  sulphuric  acid  and  10  c.c.  of  3  per 
cent,  solution  of  copper  sulphate.  The  stopper  is  inserted,  and  the 
bottle  is  vigorously  shaken  for  one  minute,  during  which  time  the 
stopper  is  held  by  a  finger,  and  the  operation  is  performed  over  the 
sink.  The  stopper  is  now  removed,  and  the  mouth  of  the  bottle  is 
covered  with  a  piece  of  soft  copper  gauze.  The  couple  is  then 
thoroughly  washed  at  the  tap  and  drained.  100  c.c.  of  the  water  to 
be  analyzed  are  placed  in  the  bottle ;  the  stopper  is  securely  insertetl, 
and  the  arrangement  is  allowed  to  stand  at  rest  at  a  temperature  of 
from  20  to  25°  C.  for  48  hours.  The  test  is  completed  by  thoroughly 
shaking  the  bottle,  drawing  off  50  c.c.  of  the  water,  adding  this  to 
200  c.c.  of  ammonia  free  water  in  a  retort  or  flask,  running  in  5  c.c. 
saturated  sodium  carbonate,  distilling  and  nesslerizing  as  usual.  This 
process  has  been  found  correct  between  the  limits  of  0*0863  and  4*181 
grains  of  nitric  nitrogen  per  gallon,  when  pure  potassium  nitrate  was 
used  in  solution  in  ammonia-free  distilled  water.  The  couple  when 
washed  and  recoppered  is  again  ready  for  use.  These  couples  will  last 
for  many  months,  and  their  convenience  will  be  obvious  to  any  one 
who  has  had  to  clean  and  prepare  a  number  of  zinc  foils  at  one 
operation.  It  will  be  well  to  add  that  all  new  stoppered  bottles 
intended  for  this  purpose  should  have  their  stoppers  carefully  reground 
into  the  necks  with  a  little  fine  emery  and  dilute  sulphuric  acid. 

In  calculating  the  amount  of  nitric  acid  contained  in  a  water  from 
the  amount  of  ammonia  obtained  in  this  process,  deductions  must  of 
course  be  made  for  any  ammonia  pre-existing  in  the  water,  as  well  as 
for  that  derived  from  any  nitrous  acid  present. 

9.  Estimation  of  Nitrites  by  Griess's  Method.— 100  c.c. 
of  the  water  are  placed  in  a  Nessler  glass,  and  1  c.c.  each  of 
metaphenylene-diamine  and  dilute  acid  (p.  422)  added.  If  colour 
is  rapidly  produced  the  water  must  be  diluted  with  distilled  water 
free  from  NgO^,  and  other  trials  made.  The  dilution  is  sufficient 
when  colour  is  plainly  seen  at  the  end  of  one  minute.  The  weak 
point  of  the  process  is  that  the  colour  is  progressively  developed; 
however,  this  is  of  little  consequence  if  the  comparison  with  standard 
nitrite  is  made  under  the  same  conditions  of  temperature,  dilution,  and 
duration  of  experiment.  Twenty  minutes  is  a  sufficient  time  for 
allowing  tlie  colours  to  develop  before  final  comparison. 

M.  W.  Williams  obviates  the  uncertainty  of  the  comparison  tests 
by  using  colourless  Nessler  tubes,  30  m.m.  wide  and  200  m.m.  long, 
graduated  into  millimeters.  They  are  used  as  follows : — The  com- 
parison of  the  water  to  be  examined  with  the  standard  nitrite  is 
roughly  ascertained;  the  glasses  are  then  filled  to  the  same  height, 
and  the  test  added,  and  allowed  to  stand  a  few  minutes.  Usually 
one  will  be  somewhat  deeper  than  the  other.       The  height  of   the 
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deeper-coloured  liquid  is  read  off  on  the  scale,  and  a  portion  removed 
with  a  pipette,  until  the  colours  correspond.  The  amount  of  NjOg  in 
the  shortened  column  is  taken  as  equal  to  the  other,  when  a  simple 
calculation  will  show  tlie  amount  sought.  Stokes'  colorimeter  is 
useful  for  this  purpose. 

10.    Estimation  of  Nitrites  by  Griess-Ilosvay  Method.— 

Warington  (/.  C  S.  1881,  231)  has  drawn  attention  to  this  test, 
originally  devised  by  Griess,  and  which  is  of  such  extreme  delicacy, 
that  by  its  means  it  is  possible  to  detect  one  part  of  NgOg  in 
a  thousand  millions  of  water. 

Ilosvay  lias  improved  this  test  by  using  acetic  acid  instead  of  a 
mineral  acid.  The  colour  is  more  intense  and  more  rapidly  developed. 
(1)  0*5  gm.  of  sulphanilic  acid  is  dissolved  by  heat  in  150  c.c.  of  dilute 
acetic  acid,  (2)  heats  0*1  gm.  of  a-naphthylamine  with  20  c.c.  of  strong 
acetic  acid,  pours  off  the  colourless  solution,  and  mixes  it  with  130  c.c. 
of  dilute  acetic  acid.  These  two  solutions  are  kept  separate  and  when 
required  for  use  equal  jwrtions  are  mixed,  thus  gaining  the  advantage 
of  having  a  single  reagent  instead  of  two,  and  one  which  indicates  by 
its  colour  whether  it  has  become  contaminated  by  nitrous  acid  derived 
from  the  air.  The  mixture  is  not  affected  by  light,  but  should  be 
protected  from  the  air.  It  is  preferable  to  mix  the  solutions  only  in 
small  quantities,  and  keep  the  remaining  solutions  separate  until 
wanted. 

This  test  is  almost  too  delicate  to  be  used  (quantitatively,  but  it 
may  be  done  as  follows  ; — 

5  c.c.  of  standard  nitrite  solution,  1  c.c.  =001  m.gm.  NjOj,  are  mixed  with 
45  c.c.  of  pure  distilled  water  in  a  Nessler  glass,  and  2  c.c.  of  the  mixed 
solutions  as  described  above  added. 

In  a  similar  Nessler  glass  50  c.c.  of  the  water  to  be  examined  are  placed  and 
2  c.c.  of  the  mixed  solutions  added. 

Both  are  allowed  to  stand  for  15  minutes  before  the  pink  colours  are  compared. 
Then  the  comparison  is  ascertained  as  described  in  the  metaphenyline^iamine 
method  (9.) 

For  the  estimation  of  nitrous  nitrogen  in  sulphuric  acid  a  standard 
solution  is  prepared  as  follows  : — 

0*0493  gm.  of  pure  sodium  uitrite  which  contains  O'Ol  gm.of  N  is  dissolved  in 
100  c.c.  water,  and  10  c.c.  of  this  solution  is  drop  by  drop  added  to  90  c.c.  of 
pure  sulphuric  acid ;  the  resulting  mixture  contains  ^  j^  m.gm.  of  nitrous 
nitrogen  in  a  perfectly  stable  form.  Two  Nessler  glasses  are  used,  and  each 
receives  1  c.c.  of  the  standard  solution,  40  c.c.  of  water,  and  about  5  gm.  of  solid 
sodium  acetate.  To  one  of  these  is  added  1  c.c.  of  the  standard  solution  and  the 
other  1  c.c.  of  the  acid  to  be  tested,  then  well  mixed,  and  after  10  minutes  the 
colours  compared.  If  they  do  not  correspond,  the  more  strongly  coloured  liquid 
is  diluted  up  to  the  point  where  the  colour  corresponds  and  the  percentage  of 
nitrous  nitrogen  is  calculated  from  the  amount  of  dilution. 

11.  Estimation  of  Nitrites  by  Potassium  Iodide  and  Starch.— 

Ekin  has  pointed  out  (Phann.  Trans.  1881,  286)  that  this  well-known 
test  will  give  the  blue  colour  with  nitrous  acid  in  a  few  minutes,  when 
the  proportion  is  one  part  in  ten  millions ;  in  twelve  hourii  when  one 
part  in  a  hundred  millions;  and  in  forty-eight  hours  when  one  in  a 
thousand  millions.     Experience  has  proved  that  waters  charged  with 

O     (i 
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much  organic  matter  must  be  clarified  by  the  addition  of  a  little  pure 
alum,  then  weU  agitated  and  filtered  before  testing. 

Ekin  used  acetic  acid  for  acidifying  the  water  to  be  tested,  and 
blank  experiments  with  pure  water  were  simultaneously  carried  on. 
Sulphuric  or  hydrochloric  acid  will,  no  doubt,  give  a  sharper  reaction, 
but  both  these  acids  are  more  liable  to  contain  impurities  affecting  the 
reaction  than  is  the  case  with  pure  acetic  acid.  Owing  to  the  instability 
of  alkaline  iodides,  zinc  iodide,  however,  is  not  open  to  this  objection, 
and  is  now  generally  used. 

12.  Estimation  of  Suspended  Matter.— Filters  of  Swedish 
paper,  about  110  m.m.  in  diameter,  are  packed  one  inside  another, 
about  15  or  20  together,  so,  that  water  will  pass  through  the  whole 
group,  moistened  with  dilute  hydrochloric  acid,  washed  with  hot 
distilled  water  until  the  washings  cease  to  contain  chlorine,  and 
dried.  The  ash  of  the  paper  is  thus  reduced  by  about  60  per  cent., 
and  must  be  determined  for  each  parcel  of  filter-paper  by  incinerating 
10  filters,  and  weighing  the  ash.  For  use  in  estimating  suspended 
matter,  these  washed  filters  must  be  dried  for  several  hours  at 
120-130°  C,  and  each  one  then  weighed  at  intervals  of  an  hour  until 
the  weight  ceases  to  diminish,  or  at  least  until  the  loss  of  weight 
between  two  consecutive  weighings  does  not  exceed  0*0003  gm.  It  is 
most  convenient  to  enclose  the  filter  during  weighing  in  two  short 
tubes,  fitting  closely  one  into  the  other.  The  closed  ends  of  test 
tubes,  50  m.m.  long,  cut  off*  by  leading  a  crack  round  with  the  aid  of 
a  pastille  or  very  small  gas  jet,  the  sharp  edges  being  afterwards  fused 
at  the  blow-pipe,  answer  perfectly.  Each  pair  of  tubes  should  have  a 
distinctive  number,  which  is  marked  with  a  diamond  on  both  tubes. 
In  the  air  bath  they  should  rest  in  grooves  formed  by  a  folded  sheet 
of  paper,  the  tubes  being  drawn  apart,  and  the  filter  almost,  but  not 
quite,  out  of  the  smaller  tube.  They  can  then  be  shut  up  whilst  hot 
by  gently  pushing  the  tubes  together,  being  giuded  by  the  grooved 
paper.  They  require  to  remain  about  twenty  minutes  in  a  desiccator 
to  cool  before  weighing.  Filtration  will  be  much  accelerated  if  the 
filters  be  ribbed  before  drying.  As  a  general  rule,  it  will  be  sufficient 
to  filter  a  quarter  of  a  liter  of  a  sewage,  half  a  liter  of  a  highly 
polluted  river,  and  a  liter  of  a  less  polluted  water ;  but  this  must  be 
frequently  varied  to  suit  individual  cases.  Filtration  is  hastened,  and 
trouble  diminished,  by  putting  the  liquid  to  be  filtered  into  a  narrow- 
necked  flask,  which  is  inverted  into  the  filter,  being  supported  by  a 
funnel-stand,  the  ring  of  which  has  a  slot  cut  through  it  to  allow  the 
neck  of  the  flask  to  pass.  With  practice  the  inversion  may  be 
accomplished  without  loss,  and  without  previously  closing  the  mouth 
of  the  flask.  When  all  has  passed  tlirough,  the  flask  should  be 
rinsed  out  with  distilled  water,  and  the  rinsings  added  to  the  filter. 
Thus  any  particles  of  solid  matter  left  in  the  flask  are  secured,  and 
the  liquid  adhering  to  the  suspended  matter  and  filter  is  displaced. 
The  filtrate  from  the  washings  should  not  be  added  to  the  previous 
filtrate,  which  may  be  employed  for  determination  of  total  solid 
matter,  clilorine,  hardness,  etc. 
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Thus  washed,  tlie  filter  with  the  matter  uix)u  it  is  dried  at  100°  C, 
then  transferred  from  the  funnel  to  the  same  pair  of  tubes  in  which  it 
was  previously  weighed,  and  the  operation  of  drying  at  120**  -  130*  C. 
and  weighed  repeatedly  until  constant.  The  weight  thus  obtained, 
minus  the  weight  of  the  empty  filter  and  tubes,  gives  the  weight  of 
the  total  su8i)ended  matter  dried  at  120°  -  130"  C. 

To  ascertain  the  quantity  of  mineral  matter  in  this,  the  filter  with 
its  contents  is  incinerated  in  a  platinum  crucible,  and  the  total  ash 
thus  determined,  minus  the  ash  of  the  filter  alone,  gives  the  weight  of 
the  mineral  suspended  matter. 

13.  Estimation  of  Chlorine  present  as  Chloride.— To  50  c.c. 
of  the  water  add  two  or  three  drops  of  solution  of  potassium  chromato 
^D.  /3),  so  as  to  give  it  a  faint  tinge  of  yellow,  and  add  gradually  from 
a  burette  standard  solution  of  silver  nitrate  (D.  a),  until  the  red  silver 
chromate  which  forms  after  each  addition  of  the  nitrate  ceases  to 
disappear  on  shaking.  The  number  of  c.c.  of  silver  solution  employed 
will  express  the  chlorine  present  as  chloride  in  j)art8  in  100,000.  If 
this  amount  W  nmch  more  tlian  10,  it  is  advisable  to  take  a  smaller 
quantity  of  water. 

If  extreme  accuracy  be  necessary,  after  completing  a  determination, 
destroy  the  slight  red  tint  by  an  excess  of  a  soluble  chloride,  and 
repeat  the  estimation  on  a  fresli  quantity  of  the  water  in  a  similar 
flask  placed  by  the  side  of  the  former.  By  comparing  the  contents  of 
the  flasks,  the  first  tinge  of  red  in  the  second  flask  may  be  detected 
with  great  accuracy.  It  is  absolutely  necessary  that  the  litpiid 
examined  shouM  not  be  acid,  unless  with  carbonic  acid,  nor  more  than 
very  slightly  alkaline.  It  must  als(j  l>e  colourless,  or  nearly  so.  These 
conditions  are  generally  found  in  waters,  but,  if  not,  they  may  Ik* 
brouglit  al)out  in  most  easels  by  rendering  the  liquid  just  alkaline  with 
lime  water  (free  from  chlorine),  i)assing  carbonic  anhydride  to 
saturation,  boiling,  and  filtering.  The  calcium  carbonate  has  a 
powerful  clarifying  action,  and  the  excess  of  alkali  is  exactly 
neutralized  by  tlie  carbonic  anhydride.  If  this  is  not  successful,  the 
water  must  be  rendered  alkaline,  evaporated  to  dryness,  and  the 
residue  gently  heated  to  destroy  organic  matter.  The  chlorine  may 
tlien  be  extracted  with  water,  and  estimated  in  the  ordinarv  wav 
either  gravimetriwilly  or  volumetrically. 

14.  Estimation  of  Hardness. —The  following  metho<l,  devised 
hy  the  late  Dr.  Thomas  Clark,  of  Aberdeen,  is  in  general  use;  and 
from  its  ease  and  raj)idity  is  of  some  value,  though  it  can  hardly  be 
called  accurate.  (For  estimating  the  hanlness  of  waters  without  soap 
solution  see  i)age  70.) 

Uniformity  in  conducting  it  is  of  great  importance ;  esi)ecially  the 
titration  of  the  soap  solution,  and  the  estimation  of  the  hanlness  of 
waters  should  be  performed  in  precisely  similar  ways. 

Measure  50  c  c.  of  the  water  into  a  well-rf?topi>eretl  bottle  of  about 
250  c.c.  capacity,  shake  briskly  for  a  few  seconds,  and  suck  the  air 
from  the  bottle  by  means  of  a  glass  tube,  in  order  to  remove  any 
car])onic  anhydride  which  may  have  been  liberated  from  the  water. 

a  0  2 
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Add  standard  soap  solution  (E.  /3)  from  a  bui*ette,  one  c.c.  at  a  time 
at  first,  and  smaller  quantities  towards  the  end  of  the  operation, 
shaking  well  after  each  addition,  until  a  soft  lather  is  obtained,  which, 
if  the  bottle  is  placed  at  rest  on  its  side,  remains  continuous  over  the 
whole  surface  for  five  minutes.  The  soap  should  not  be  added  in 
larger  quantities  at  a  time,  even  when  the  volume  required  is 
approximately  known.     This  is  very  important. 

When  more  than  16  c.c.  of  soap  solution  are  required  by  50  c.c.  of 
the  water,  a  less  quantity  (as  25  or  10  c.c.)  of  the  latter  should  be 
taken,  and  made  up  to  50  c.c.  with  recently  boiled  and  cooled  distilled 
water,  so  that  less  than  16  c.c.  of  soap  solution  will  suffice,  and  the 
number  expressing  the  hardness  of  the  diluted  water  multiplied  by 
2  or  5,  as  the  case  may  be. 

When  the  water  contains  much  magnesium,  which  may  be  known 
by  the  lather  having  a  peculiar  curdy  appearance,  it  should  be  diluted, 
if  necessary,  with  distilled  water,  until  less  than  7  c.c.  are  required 
by  50  c.c. 

The  volume  of  standard  soap  solution  required  for  50  c.c.  of  the 
water  being  kno^vn,  the  weiglit  of  calcium  carbonate  (CaCOg)  corre- 
sponding to  this  may  be  ascertained  from  Table  7*  : — 

When  water  contaming  calcium  and  magnesium  carbonates,  held  in 
solution  by  carbonic  acid,  is  boiled,  carbonic  anhydride  is  expelled, 
and  the  carbonates  precipitated.     The  hardness  due  to  these  is  said  to 


*The  table  is  calculated  from  that  originally  constructed  by  Dr. 

Clark,  which  la  as 

follows  .— 

Degree  of  Hardness. 

Measures  of 

Differences  for  the 

Soap  Solution. 

next  10  of  hardness. 

Oo  (Distilled  water)  ... 

1-4 

1-8 

1 

3-2 

■  •  • 

2-2 

2 

6-4 

2-2 

3 

7-6 

20 

4 

9-6 

2-0 

6 

11-6 

4. 

2-0 

6 

13-6 

2-0 

7 

15-6 

1-9 

8 

17-5 

1-9 

9 

19-4 

1-9 

10 

21-3 

1-8 

n 

23-1 

1-8 

12 

24-9 

•    •    • 

1-8 

13 

26-7 

1-8 

M 

28-5 

1-8 

15 

30-3 

1-7 

16 

32-0 

... 

^_K        ■ 

Each  "measure"  being  10  grains,  the  volume  of  water  employed  1000  graina,  and  each 
"  degree  "  1  grain  of  calciiun  carbonate  in  a  gallon. 

If  the  old  weights  and  measures,  grains  and  gallons,  be  preferred,  this  table  may  be  used. 
the  process  being  exactly  as  above  described,  but  1000  grains  of  water  taken  instead  of 
50  cc,  and  the  soap  solution  measured  in  10-grain  measures  instead  of  cubic  centimeters. 
If  the  volume  of  soap  solution  used  be  found  exactly  in  the  second  column  of  the  table, 
the  hardness  wiU,  of  course,  be  that  shown  on  the  same  line  in  the  first  column.  But  if  it 
be  not,  deduct  from  it  the  next  lower  number  in  the  second  column,  when  the  correspond- 
ing degree  of  hardness  in  the  first  column  will  give  the  integral  part  of  the  result :  dlTide 
the  remainder  by  the  difference  on  the  same  line  in  the  third  column,  and  the  quotient  will 
give  the  fractional  part.  For  example,  if  1000  grains  of  water  reqtiire  16  "  meatores  "  of 
soap,  the  calculation  will  be  as  follows  :— 

16-0 
—15-6  (=7®  hardness). 

(Differfnce=)     (1*9)  '4 

•21 

therefore  the  hardness  is  7*21  grains  of  CaCOj  per  gallon.  The  water  must  be  diluted  with 
distilled  water  if  necessary,  so  that  the  quantity  of  soap  required  does  not  exceed  32  measures 
in  ordinary  waters,  and  14  measures  in  water  containmg  much  magnesia. 
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be  temjHjvary,  whilst  that  due  to  sulphates,  chlorides,  etc.,  and  to  the 
amount  of  carl>onates  soluble  in  pure  water  (the  last-named  V)eing 
about  three  jmrts  per  100,000)  is  qoM^^H  permanent. 

To  estimate  permanent  hardness,  a  known  quantity  of  the  water  is 
boiled  gently  for  half  an  hour  in  a  flask,  the  mouth  of  which  is  freely 
open.  At  the  end  of  the  boiling,  the  water  should  be  allowed  to  cool, 
and  the  original  weight  made  up  by  adding  i-ecently  boiled  distilled 
water. 

Much  trouble  may  l)e  avoideil  by  using  flasks  of  about  the  same 
weight,  and  taking  so  much  water  in  each  as  will  make  up  the  same 
uniform  weight.  Thus  if  all  the  flasks  employed  weigh  less  than 
50  gm.  each,  let  each  flask  with  its  contents  be  made  to  weigh 
200  gm. 

After  boiling  and  making  up  to  the  original  weight,  filter  the  water, 
and  determine  the  hanlness  in  the  usual  way.  The  hardness  thus 
found,  deducted  from  that  of  the  unboiled  water,  will  give  the 
teni}xn*anj  hardness. 

16.  Mineral  Constituents  and  Metals. — The  quantities  of  tlui 
following  su])Stances  wliich  may  be  present  in  a  sample  of  water  are 
subject  to  such  great  variations,  that  no  definite  directions  can  be 
given  as  to  the  volume  of  water  to  l>e  used.  The  analyst  must  judge 
in  each  case  from  a  preliminary  exi)eriment  what  will  be  a  convenient 
quantity  to  take. 

Sulphnrio  Aoid. — Acidify  a  liter  or  less  of  the  water  with 
hydrochloric  acid,  concentrated  on  the  water  bath  to  about  100  c.c. 
and  wlule  still  hot  add  a  slight  excess  of  baric  chloride.  Filter,  wash, 
ignite,  and  weigh  as  l)arium  sulphate,  or  estunate  volu metrically,  as 
in  §  77. 

Sulphuretted  Hydrogen. — Titrate  with  a  standard  solution  of 
iodine,  as  in  g  78.3 

Phosphoric  Acid. — This  sul)stance  may  be  determined  in  the 
solid  residue  obtained  by  evai>oration,  by  moistening  it  with  nitric 
acid,  an<l  again  drying  to  render  silica  insoluble  ;  the  residue  is  agiiin 
treated  with  dilute  nitric  acid,  filtered,  molylKlic  solution  added,  and 
set  aside  for  twelve  hours  in  a  warm  place ;  filter,  dissolve  the 
precipitate  in  ammonia,  precipitate  with  magnesia  mixture,  and  weigh 
as  magnesium  pyrophosphate,  or  estimate  volumetrically  as  in  §  73. 

Another  method  is  to  add  to  500  c.c.  of  the  sample  alnrnt  10  c.c.  of 
solution  of  alum,  then  a  few  drops  of  ammonia,  lastly  acidify  slightly 
with  acetic  acid,  and  set  aside  to  allow  the  precipitated  AlPgO^  to 
settle.  The  clear  liquid  may  then  be  poured  off,  the  precipitate 
dissolved  in  nitric  acid  and  estimated  with  molyl)dic  solution. 

These  estimations  are  onlv  available  in  eases  where  the  PoO.  is  verv 
large.  In  most  waters  it  is  simply  necessary  to  record  whether  the 
molylnlic  precipitate  is  in  heavy  or  minute  traces. 

Silicic  Acid. — Acidifv  a  liter  or  more  of  the  water  with 
hydrochloric  acid,  evaporate,  and  dry  the  residue  thoroughly.     Then 
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moisten  with  hydrochloric  acid,  dilute  with  hot  water,  and  filter  oiF, 
wash,  ignite,  and  weigh  the  separated  silica. 

Iron. — To  the  filtrate  from  the  estimation  of  silicic  acid  add  a  few 
drops  of  nitric  acid,  dilute  to  about  100  c.c,  and  estimate  by  colour 
titration,  as  in  §  64.4  ;  or  where  the  amount  is  large,  add  excess  of 
ammonia,  and  heat  gently  for  a  short  time.  Filter  off  the  precipitate 
and  estimate  the  iron  in  the  washed  precipitate  colorimetrically,  as 
in  §  64. 

Calcium. — To  the  filtrate  from  tlie  iron  estimation  add  excess  of 
ammonium  oxalate,  filter  off  the  calcium  oxalate,  ignite  and  weigh 
as  calcium  carbonate,  or  estimate  volumetrically  with  i)ermanganate 
as  in  §  52. 

Magnesium. — To  the  concentrated  filtrate  from  the  cakiurn 
estimation  add  sodium  phosphate  (or,  if  alkalies  are  to  be  determined 
in  the  filtrate,  ammonium  phosphate),  and  allow  to  stand  for  twelve 
hours  in  a  warm  place.  Filter,  ignite  the  precipitate,  and  weigh  as 
magnesium  pyrophosphate,  or,  without  ignition,  titrate  Avith  uranium. 

Barium. — Is  best  detected  in  a  water  by  acidifying  with  hydro- 
chloric acid,  filtering  perfectly  clear  if  necessary,  then  add  a  clear 
solution  of  calcium  sulphate,  and  set  aside  in  a  warm  place.  Any 
white  precipitate  which  forms  is  due  to  barium. 

Potassium  and  Sodium. — These  are  generally  determined  jointly, 
and  for  this  purpose  the  filtrate  from  the  magnesium  estimation  may 
be  used.  Evaporate  to  dryness,  and  heat  gently  to  expel  ammonium 
salts,  remove  phosphoric  acid  with  lead  acetate,  and  the  excess  of  lead 
in  the  hot  solution  by  ammonia  and  ammonium  carlx)nate.  Filter, 
evaporate  to  dryness,  heat  to  expel  ammonium  salts,  and  weigh  the 
alkalies  as  cldorides. 

It  is,  however,  generally  less  trouble  to  employ  a  separate  portion 
of  water.  Add  to  a  liter  or  less  of  the  water  enough  pure  barium 
chloride  to  precipitate  the  sulphuric  acid,  boil  with  pure  milk  of  lime, 
filter,  concentrate,  and  remove  the  excess  of  lime  with  ammonium 
carbonate  and  a  little  oxalate.  Filter,  evaporate,  and  weigh  the 
alkaline  chlorides  in  the  filtrate.  If  the  water  contains  but  little 
sulphate,  the  barium  chloride  may  be  omitted,  and  a  little  ammonium 
chloride  added  to  the  solution  of  alkaline  chlorides. 

If  potassium  and  sodium  must  each  be  estimated,  separate  them  by 
means  of  platinic  chloride;  or,  after  weighing  the  mixed  chlorides, 
determine  the  rhlonne  present  in  them,  and  calculate  the  amounts  of 
potassium  and  sodium  by  the  following  formula  : — Calculate  all  the 
chlorine  present  as  potassium  chloride  ;  deduct  this  from  the  weight  of 
the  mixed  cldorides,  and  call  the  difference  d.  Then  as  16*1  : 
58*45  \  \  (I  \  NaCI  present.  (See  also  §  42.)  Or  the  sodium  chloride 
may  be  estimated  by  Fen  ton's  method,  g  17.9. 

liOad. — May  be  estimated  by  the  method  proposed  by  Miller. 
Acidulate   the   water  with   two  or  three  drops  of  acetic  acid,  and 
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add  -^jf  of  its  bulk  of  saturated  aqueous  solution  of  sulphuretted 
hydrogen.  Compare  the  colour  thus  produced  in  the  colorimeter  or  a 
convenient  cylinder,  with  that  obtained  with  a  known  quantity  of  a 
standard  solution  of  a  lead  salt,  in  a  manner  similar  to  that  described 
for  the  estimation  of  iron  (§  64.4).  The  lead  solution  should  contain 
0*1831  gm.  of  normal  crystallized  plumbic  acetate  in  a  liter  of  distilled 
water,  and  therefore  each  c.c.  contains  O'OOOl  gm.  of  metallic  lead. 

It  is  obvious  that  in  the  presence  of  copper  or  other  heavy  metals 
the  colour  produced  by  the  above  method  will  all  be  ascribed  to  lead ; 
it  is  preferable,  therefore,  to  adopt  the  method  of  Harvey  {Analyst 
vi.  146),  in  which  the  lead  is  precipitated  as  chromate.  The  results, 
liowever,  are  not  a))8olute  as  to  quantity,  except  so  far  as  the  eye  may 
be  able  to  measure  the  amount  of  i)recipitatc. 

The  standard  lead  solution  is  the  same  as  in  the  previous  method. 
The  precipitating  agent  is  pure  potassium  bichromate,  in  fine  crystals 
or  powder. 

250  c.c.  or  so  of  the  water  are  placed  in  a  Phillips'  jar  with  a 
drop  or  two  of  acetic  acid,  and  a  few  grains  of  the  reagent  added,  and 
agiteted  by  shaking.  ([)ne  part  of  lead  in  a  million  parts  of  water 
will  show  a  distinct  turbidity  in  five  minutes  or  less.  In  six  or  eight 
houi*s  the  precipitate  will  have  completely  settled,  and  the  yellow 
clear  liquid  may  be  poured  off  without  disturbing  the  sediment,  which 
may  then  be  shaken  up  with  a  little  distilled  water,  and  its  quantity 
judged  by  comparison  with  a  similar  experiment  made  with  the 
standard  lead  solution. 

Copper. — Estimate  by  colour  titration,  as  in  §  58.9. 

Arsenic. — Add  to  half  a  liter  or  more  of  the  water  enough  sodium 
hydrate,  free  from  arsenic,  to  render  it  slightly  alkaline,  evaporate  to 
dryness,  and  extract  with  a  little  concentrated  hydrochloric  acid. 
Introtluce  this  solution  into  the  generating  flask  of  a  small  Marsh's 
apparatus,  and  pass  the  evolved  hydrogen,  first  through  a  U-tube  filled 
with  immice,  moisteneil  with  lead  acetate,  and  then  through  a 
piece  of  hard  glass  tube  about  150  m.m.  in  length,  and  3  m.m.  in 
diameter  (made  by  drawing  out  combustion  tube).  At  about  its 
middle,  this  tul^  is  heated  to  redness  for  a  length  of  about  20  m.m. 
by  tlie  flame  of  a  small  Bun  sen  burner,  and  here  the  arsenetted 
hydrogen  is  decomposed,  arsenic  being  deposited  as  a  mirror  on  the 
cold  j>art  of  the  tube.  The  mirror  obtained  after  the  gas  has  passed 
slowly  for  an  hour  is  compared  with  a  series  of  standard  mirrors 
obtained  in  ar  similar  way  from  known  quantities  of  arsenic.  Care 
must  be  taken  to  tiscertain  in  each  experiment  that  the  hydrochloric 
acid,  zinc,  and  whole  apparatus  are  free  from  arsenic,  by  jyassing  the 
hydrogen  slowly  through  the  heated  tube  before  introducing  the 
solution  to  1x5  tested.  The  best  form  of  apj)aratus  is  that  which  is 
now  used  for  detecting  and  estimating  small  quantities  of  arsenic  in 
beer,  malt,  etc. 

Zino. — This  metal  exists  in  waters  as  bicarbonate,  and  on  exposure 
of  such  waters  in  open  vessels  a  film  of  zinc  carlx)nate  forms  on  the 
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surface;  this  is  collected  on  a  platinum  knife  or  foil  and  ignited. 
The  residue  is  of  a  yellow  colour  when  hot,  and  turns  white  on 
cooling.     The  reaction  is  exceedingly  delicate. 

THE    INTBRPBETATION    OP    THE    RESUIiTS    OP 

ANALYSIS. 

§  98.  The  primary  form  of  natural  water  is  rain,  the  chief  impurities  in 
which  are  traces  of  organic  matter,  ammonia,  and  ammonium  nitrate  derived 
from  the  atmosphere.  On  reaching  the  ground  it  becomes  more  or  less  charged 
with  the  soluble  constituents  of  the  soil,  such  as  calcium  and  magnesium 
carbonates,  potassium  and  sodium  chlorides,  and  other  salts,  which  are  dissolved, 
some  by  a  simple  solvent  action,  others  by  the  agency  of  carbonic  acid  in  solution. 
Draining  off  from  the  laud,  it  will  speedily  find  its  way  to  a  stream  which,  in  the 
earlier  part  of  its  course,  will  probabl}'-  be  free  from  pollution  by  animal  matter, 
except  that  derived  from  any  manure  which  may  have  been  applied  to  the  land 
on  which  the  rain  fell.  Thus  comparatively  pure,  it  will  furnish  to  the  inhabi- 
tants on  its  banks  a  supply  of  water  which,  after  use,  will  be  returned  to  the 
stream  in  the  form  of  sewage  charged  with  impurity  derived  from  animal 
excreta,  soap,  household  refuse,  etc.,  the  pollution  being  perhaps  lessened  by 
submitting  the  sewage  to  some  purifying  process,  such  as  irrigation  of  land, 
filtration,  or  clarification.  The  stream  in  its  sul^equent  course  to  the  sea  will 
be  in  some  measure  purified  by  slow  oxidation  of  the  organic  matter,  and  by 
the  absorbent  action  of  vegetation.  Some  of  the  rain  will  not,  however,  go 
directly  to  a  stream,  but  sink  through  the  soil  to  a  well.  If  this  be  shallow  it 
may  be  considered  as  merely  a  pit  for  the  accumulation  of  drainage  from  the 
immediately  surrounding  soil,  which  as  the  well  is  in  most  cases  close  to  a 
dwelling,  will  be  almost  inevitably  charged  with  excretal  and  other  refuse ;  so 
that  the  water  when  it  reaches  the  well  will  be  contaminated  with  soluble 
impurities  thence  derived,  and  with  nitrites  and  nitrates  resulting  from  their 
oxidation.  After  use  the  water  from  the  well  will,  like  the  river  water,  form 
sewage,  and  find  its  way  to  a  river,  or  again  to  the  soil,  according  to 
circumstances. 

In  the  case  of  a  deep  well,  from  which  the  surface  water  is  excluded,  the 
conditions  are  different.  The  shaft  will  u.sually  pass  through  an  impervious 
stratum,  so  that  the  water  entering  it  will  not  be  derived  from  the  rain 
which  falls  on  the  area  immediately  surrounding  its  mouth,  but  from  that 
which  falls  on  the  outcrop  of  the  pervious  stratum  below  the  impervious  one 
just  mentioned ;  and  if  this  outcrop  be  in  a  district  which  is  uninhabited  and 
uncultivated,  the  water  of  the  well  will  probabl}'  be  entirely  free  from  organic 
impurity  or  products  of  decomposition.  But  even  if  the  water  be  polluted  at 
its  source,  still  it  must  pass  through  a  very  extensive  filter  before  it  reaches  the 
well,  and  its  organic  matter  will  probably  be  in  great  measure  converted  by 
oxidation  into  bodies  in  themselves  innocuous. 

This  is  very  briefly  the  general  history  of  natural  waters,  and  the  problem 
presented  to  the  analyst  is  to  ascertain,  as  far  as  ])0S8ible,  from  the  nature  and 
quantity  of  the  impurities  present,  the  previous  history  of  the  water,  and  its 
present  condition  and  fitness  for  the  puri>ose  for  which  it  is  to  be  used. 

It  is  impossible  to  give  an}*^  fixed  rule  b}^  which  the  results  obtained  by  the 
foregoing  method  of  analysis  should  be  interi)reted.  The  analyst  must  form  an 
independent  opinion  for  each  cample  from  a  consideration  of  all  the  results  he  has 
obtained.  Nevertheless,  the  following  remarks,  illustrated  by  reference  to  the 
examples  given  in  the  accompanying  table,  which  may  be  considered  as  fairly 
tyjncal,  will  probably  be  of  service.     (See  Table  8.) 

Total  Solid  Matter. 

Waters  which  leave  a  large  residue  on  evaporation  are,  as  a  rule,  less  suited  for 
general  domestic  pun)o$es  than  those  which  contain  less  matter  in  solution,  and 
are  unfit  for  many  manufacturing  purposes.     The  amount  of  residue  is  also  of 
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primary  importance  as  regards  the  use  of  the  water  for  steam  boilers,  as  the 
quantity  of  incrustation  produced  will  chiefly  depend  upon  it.  It  may  vary 
considerably,  apart  from  any  unnatural  pollution  of  the  water,  as  it  depends 
principally  on  the  natuve  of  the  soil  through  or  over  which  the  water  passes. 
River  water,  when  but  slightly  polluted,  contains  generally  from  10  to  40 
parts.  Shallow  well  water  varies  greatly,  containing  from  30  to  150  parts,  or 
even  more,  as  in  examples  X.  and  Xlll.,  the  proportion  here  depending  less 
on  the  nature  of  the  soil  than  on  the  original  pollution  of  the  water.  Deep 
well  water  also  vanes  considerably ;  it  usually  contains  from  20  to  70  parts,  but 
this  range  is  frequently  overstepped,  the  quantity  depending  largely  upon  the 
nature  of  the  strata  from  which  the  water  is  obtained.  Example  XV.  being 
in  the  New  Bed  Sandstone,  has  a  small  proportion,  but  XYII.  and  XYIII.  in 
the  Chalk  have  a  much  larger  quantity.  Spring  waters  closely  resemble  those 
from  deep  wells.  Sewage  contains  generally  from  50  to  100  parts,  but 
occasionally  less,  and  frequently  much  more  as  in  example  XXXIY.  The  total 
solid  matter,  as  a  rule,  exceeds  the  sum  of  the  constituents  determined;  the 
nitro^n,  as  nitrates  and  nitrites,  being  calculated  as  potassium  nitrate,  and  the 
chlonne  as  sodium  chloride ;  but  occasionally  this  is  not  the  case,  owing,  it 
is  likely,  to  the  presence  of  some  of  the  calcium  as  nitrate  or  chloride. 

Organic  Carbon  or  Nitrogen. 

The  existing  condition  of  the  sample,  as  far  as  organic  contamination  is 
concerned,  must  be  inferred  from  the  amount  of  these  two  constituents.  In  a 
good  water,  suitable  for  domestic  supply,  the  former  should  not,  under  ordinary 
circumstances,  exceed  0*2  and  the  latter  002  part. 

Waters  from  districts  containing  much  peat  are  often  coloured  more  or  less 
brown,  and  contain  an  unusual  quantity  of  organic  carbon,  but  this  peaty 
matter  is  probably  innocuous  unless  the  quantity  be  extreme.  The  largo 
proportion  of  organic  carbon  and  nitrogen  given  in  the  average  for  unpolluted 
upland  surface  water  in  Table  8  (XXVIII.)  is  chiefly  due  to  the  fact  that  upland 
gathering  grounds  are  very  frequently  peaty.  The  examples  given  (I.  to  V.) 
may  be  taken  as  fairly  representative  of  the  character  of  upland  surface  waters 
free  from  any  large  amount  of  peaty  matter.  In  surface  waters  from  cultivated 
areas  the  quantity  of  organic  carbon  and  nitrogen  is  greater,  owing  to  increased 
density  of  population,  the  use  of  organic  manures,  etc.,  the  proportion  being 
about  0 25  to  0*3  part  of  organic  carbon,  and  004  to  005  part  of  organic 
nitrogen.  The  water  from  shallow  wells  varies  so  widely  in  its  character  that  it 
is  impossible  to  give  any  useful  average.  In  many  case*,  as  for  example  in  XIII. 
and  XIY.,  the  amount  is  comparatively  small,  although  the  original  pollution, 
as  shown  by  the  total  inorganic  nitrogen  and  the  chlorides,  was  very  large ;  the 
organic  matter  in  these  cases  having  l)een  almost  entirely  destroyed  by  powerful 
oxidation.  In  VIII.  and  IX.  the  original  pollution  was  slight;  and  oxidation 
being  active,  the  organic  carbon  and  nitrogen  have  been  reduced  to  extremely 
small  quantities.  On  the  other  hand,  in  XI.  the  proportion  of  organic  matter  is 
enormous,  the  oxidizing  action  of  the  surrounding  soil  being  utterly  insufficient 
to  deal  with  the  pollution.  The  danger  attending  the  use  of  shallow  well  waters, 
which  contain  when  analyzed  very  small  quantities  of  organic  matter,  arises 
chiefly  from  the  liability  of  the  conditions  to  variation.  Change  of  weather  and 
many  other  circumstances  may  at  any  time  prevent  the  purification  of  the  water, 
which  at  the  time  of  the  analysis  appeared  to  be  eflicient.  Moreover,  it  is  by 
no  means  certain,  that  an  oxidizing  action  which  would  be  sufficient  to  reduce 
the  organic  matter  in  a  water  to  a  very  small  proportion,  would  be  e<|ually  com- 
petent to  remove  the  specific  poison  of  disease.  Hence  the  greater  the  impurit}' 
of  the  source  of  a  water  the  greater  the  risk  attending  its  use. 

In  deep  well  waters  the  quantity  of  organic  carbon  and  nitrogen  also  extends 
through  a  wide  range,  but  is  generally  low,  the  average  being  about  006  part 
carbon  and  002  part  nitrogen  (XXIX.).  Here  the  conditions  are  usually  very 
constant,  and  if  surface  drainage  be  excluded,  the  source  of  the  water  is  of  less 
importance.  Springs  in  this,  as  in  most  other  respects,  resemble  deep  wells; 
the  water  from  them  being  generally,  however,  somewhat  ])urer.     In  sewage 
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great  variations  are  met  with.  On  the  average  it  contains  about  four  parts  of 
organic  carbon  and  two  parts  of  organic  nitrosren  (XXXII.  and  XXXIII.),  but 
the  range  is  very  great.  In  the  table,  XXXIV.  is  a  very  strong  sample,  and 
XXXV.  a  weak  one.  The  effluent  water  from  land  irrigated  with  sewage  i» 
usually  analogous  to  waters  from  shallow  wells,  and  its  quality  varies  greatly 
according  to  the  character  of  the  sewage  and  the  conditions  of  the  irrigation, 

Batio  of  Organic  Carbon  to  Organic  Nitrogen. 

The  ratio  of  the  organic  carbon  to  the  organic  nitrogen  given  in  the  seventh 
column  of  the  table  (which  showr  the  fourth  term  of  the  proportion — organic 
nitrogen  :  organic  carbon  :  :  I  x>,  is  of  great  importance  as  furnishing  a 
valuable  indication  of  the  nature  of  the  organic  matter  present.  When  this  is  of 
vesretable  origin,  the  ratio  is  very  high,  and  when  of  animal  origin  very  low. 
This  statement  must,  however,  be  qualified,  on  account  of  the  different  effect  of 
oxidation  on  animal  and  vegetable  substances.  It  is  found  that  when  organic 
matter  of  vegetable  origin,  with  a  high  ratio  of  carbon  to  nitrogen,  is  oxiaized, 
it  loses  carbon  more  rapidly  than  nitrogen,  so  that  the  ratio  is  reduced.  Thus 
unoxidized  peaty  waters  exhibit  a  ratio  varying  from  about  8  to  20  or  even 
more,  the  average  being  about  12 ;  whereas,  the  ratio  in  spring  water  originally 
containing  peaty  matter,  varies  from  about  2  to  6,  the  average  being  about  3*2. 
When  the  organic  matter  is  of  animal  origin  the  action  is  revers^,  the  ratio 
being  increased  by  oxidation.  In  unpolluted  upland  suriace  waters  the  ratio 
varies  from  about  6  to  12,  but  in  peaty  waters  it  may  amount  to  20  or  more.  In 
surface  water  from  cultivated  land  it  ranges  from  about  4  to  10,  averaging  about 
6.  In  water  from  shallow  wells  it  varies  from  about  2  to  8,  with  an  average 
of  about  4,  but  instances  beyond  this  range  in  both  directions  are  very  frequent 
In  water  from  4eep  wells  and  springs,  the  ratio  varies  from  about  2  to  6  with 
an  average  of  4,  being  low  on  account,  probably,  of  the  prolonged  oxidation  to 
which  it  has  been  subjected,  which,  as  has  been  stated  above,  removes  carbon 
more  rapidly  than  nitrogen.  In  sea  water  this  action  reaches  a  maximum,  the 
time  being  indefinitely  prolonged,  and  the  ratio  is  on  the  average  about  1*7. 
This  is  probably  complicated  by  the  presence,  in  some  caases,  of  multitudes  of 
minute  living  organisms.  In  sewage  the  ratio  ranges  from  about  1  to  3,  with 
an  average  of  about  2. 

When,  in  the  case  of  a  water  containing  much  nitrogen  as  nitrates  and 
nitrites,  this  ratio  is  unusually  low,  incomplete  destruction  of  nitrates  during 
the  evaporation  may  be  suspected,  and  the  estimation  should  be  repeate£ 
To  provide  for  this  contingency,  if  a  water  contain  any  considerable  quantity  of 
ammonia,  it  is  well,  when  commencing  the  evaporation  in  the  first  instance,  to 
set  aside  a  quantity  sufficient  for  this  repetition,  adding  to  it  the  usual  pro- 
portion of  sulphurous  acid. 

Nitrogen  as  Ammonia. 

The  ammonia  in  natural  waters  is  derived  almost  exclusively  from  animal 
contamination,  and  its  quantity  varies  between  very  wide  limits.  In  upland 
surface  waters  it  seldom  exceeds  0*008  part,  the  average  being  about  00(yz 
part  In  Tt-ater  from  cultivated  land  the  average  is  about  0*005,  and  the 
range  is  greater,  being  from  nil  to  0025  part,  or  even  more.  In  water  from 
shallow  wells  the  variation  is  so  great  that  it  would  be  useless  to  attempt  to 
state  an  average,  all  proportions  from  nil  to  as  much  as  2'5  parts  having 
been  observed.  In  waters  from  deep  wells  a  very  considerable  proportion  is 
often  found,  amounting  to  01  part  or  even  more,  the  average  being  0"01 
part,  and  the  variations  considerable.  In  spring  water  it  is  seldom  that 
more  than  0*01  part  of  nitrogen  as  ammonia  occurs,  the  average  being  only 
0*001  part.  Sewage  usually  contains  from  2  to  6  parts,  but  occasionally  as 
much  as  9  or  10  partes,  the  average  being  about  five.  Ammonia  is  readily 
oxidized  to  nitrates  and  nitrites,  and  hence  its  presence,  in  considerable  quantity",' 
usually  indicates  the  absence  of  oxidation,  and  is  generally  coincident  with  the 
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presenoe  of  organio  matter.     That  sometimes  found  in  waters  from  very  deep 
wells  is,  however,  probably  due  to  subsequent  decomposition  of  nitrates. 

Nitrogen  as  Nitrates  and  Nitrites. 

Nitrates  and  nitrites  are  produced  by  the  oxidation  of  nitrogenous  organic 
matter,  and  almost  always  from  animal  matter.  In  upland  surface  waters  the 
proportion  Taries  from  nil  to  0*05  part  or  very  rarely  more,  but  the  majority  of 
samples  contain  none  or  mere  traces  (I.  to  V.),  the  average  being  about  0*009 
part.  In  surface  waters  from  cultivated  land  the  quantity  is  much  greater, 
varying  from  nil,  which  seldom  occurs,  to  1  part,  the  average  being  about  0*25 
part.  The  proportion  in  shallow  wells  is  usually  much  greater  still,  ranging^ 
from  nil,  which  very  rarely  occurs,  to  as  much  as  25  parte.  It  would  probably 
be  useless  to  attempt  to  state  an  average,  but  quantities  of  from  2  to  5  parte 
occur  most  frequently.  In  water  from  deep  wells  the  range  is  from  nil  to  about 
8  parto,  and  occasionally  more,  the  average  being  about  0*5  part.  In  spring 
water  the  range  is  about  the  same  as  in  deep  well  water,  but  the  average  is 
somewhat  lower. 

It  sometimes  happens  that,  when  the  supply  of  atmospheric  oxygen  is  deficient, 
the  organic  matter  in  water  is  oxidized  at  the  expense  of  the  nitrateft  present ; 
and  occasionallv,  if  the  quantities  happen  to  be  suitably  proportioned,  they 
are  mutually  destroyed,  leaving  no  evidence  of  pollution.  This  reduction  of 
nitrates  often  occurs  in  deep  well  water,  as  for  example,  in  that  from  wells  in 
the  Chalk  beneath  London  Ulay,  where  the  nitrates  are  often  totally  destroyed. 
In  sewages,  putrefaction  speedily  sets  in,  and  during  this  condition  the  nitrates 
are  rapidly  destroyed,  and  so  completely  and  uniformly  that  it  is  probably 
needless  to  attempt  their  estimation,  except  in  sewages  which  are  verv  weak,  or 
for  other  special  reasons  abnormal.  Out  of  a  large  number  of  samples,  only  a 
very  few  have  been  fouud  which  contained  any  nitrates,  and  those  only  very 
small  quantities. 

Nitrites  occurring  in  deep  springs  or  well^  no  doubt  arise  from  the  deoxidation 
of  nitrates  by  ferrous  oxide,  or  certain  forms  of  organic  matter  of  a  harmless 
nature ;  but  whenever  the}'  occur  in  shallow  wells  or  river  water,  they  may  be 
of  much  greater  significance.  Their  presence  in  such  cases  is  most  probably 
due  to  recent  sewage  contamination,  and  such  waters  must  be  looked  upon  witn 
great  suspicion. 

Total  Inorganic  Nitrogen. 

When  organic  matter  is  oxidized  it  is  ultimately  resolved  into  inorganic 
substances.  Its  carbon  appears  as  carbonic  acid,  its  hydrogen  as  water,  and  its 
nitrogen  as  ammonia,  nitrous  acid,  or  nitric  acid ;  the  last  two  combining  with 
the  l^ses  always  present  in  water  to  form  nitrites  and  nitrates  The  carbon 
and  hydrogen  are  thus  clearly  beyond  the  reach  of  the  analyst ;  but  the  nitrogen 
compounds,  as  has  been  shown,  can  be  accurately  determined,  and  furnish  us 
with  a  means  of  estimating  the  amount  of  organic  matter  which  was  formerly 
present  in  the  water,  but  which  has  already  undergone  decomposition. 

The  sum  of  the  amounts  of  nitrogen  found  in  these  three  forms  constitutes 
then  a  distinct  and  valuable  term  in  the  analysis,  the  organic  nitrogen  relating  to 
the  present ,  and  the  total  inorganic  nitrogen  to  the  past  condition  of  the  water. 
Since  ammonia,  nitrites,  and  nitrates  are  quite  innocuous,  the  total  inorganic 
nitrogen  does  not  indicate  actual  evil  like  the  organic  nitrogen,  but  potential 
evil,  as  it  is  evident  that  the  innocuous  character  of  a  water  which  contains  much 
nitrogen  in  these  forms  depends  wholly  on  the  permanence  of  the  conditions 
of  temperature,  aeration,  filtration  through  soil,  etc.,  which  have  broken  up  the 
original  organic  matter ;  if  these  should  at  any  time  fail,  the  past  contamination 
would  become  present,  the  nitrogen  appearing  in  the  organic  form,  the  water 
being  loaded  in  all  likelihood  with  putrescent  and  contagious  matter. 

In  upland  surface  waters  which  have  not  been  contaminated  to  any  extent  by 
animal  pollution  the  total  inorganic  nitrogen  rarely  exceeds  0  03  part.  In  water 
from  cultivated  districts  the  amount  is  greater,  ranging  as  high  as  1  part,  the 
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average  of  a  largo  number  of  samples  being  about  0*22  part.  It  is  useless  to 
attempt  any  generalization  for  shallow  wells,  as  the  proportion  depends  upon  local 
circumstances.  The  amodnt  is  usually  large  and  may  reach,  as  seen  in  Examples 
XIII.,  the  enormous  quantity  of  twenty-five  parts  per  100,000.  Waters  con- 
taining from  one  to  five  parts  are  very  commonly  met  with.  In  water  from  deep 
wells  and  springs,  quantities  ranging  up  to  3*6  parts  have  been  observed,  the 
average  on  a  large  series  of  analyses  being  0*5  -part  for  deep  wells  and  about 
0*4  part  for  springs.  It  must  be  remembered  that  the  conditions  attending 
deep  wells  and  springs  are  remarkably  permanent,  and  the  amount  of  filtration 
which  the  water  undergoes  before  reaching  the  well  itself,  or  issuing  from  the 
spring  is  enormous.  Meteorological  changes  here  have  either  no  effect,  or  one 
so  small  and  slow  as  not  to  interfere  with  any  purifying  actions  which  may  be 
taking  place.  All  other  sources  of  water,  and  especially  shallow  wells,  are  on 
the  other  hand  subject  to  considerable  changes.  A  sudden  storm  after  drought 
will  wash  large  quantities  of  polluting  matter  into  the  water-course ;  or  dissolve 
the  filth  which  has  been  concentrating  in  the  pores  of  the  soil  during  the  dry 
season,  and  carry  it  into  the  well.  Small  indications  therefore  of  a  polluted 
origin  are  very  serious  in  surface  waters  and  shallow  well  waters,  but  are  of  less 
moment  in  water  from  deep  wells  and  8i)rings ;  the  present  character  of  these 
being  of  chief  importance,  since  whatever  degree  of  purification  may  be  observed, 
may  usually  be  trusted  as  permanent.  The  term  "  total  inorganic  nitrogen  ** 
has  been  chosen  chiefly  because  it  is  based  on  actual  results  of  analysis  without 
the  introduction  of  any  theory-  whatever.  It  will  be  seen  that  it  corresponds 
very  nearly  with  the  term  "  previous  sewage  or  animal  contamination,"  which 
was  introduced  by  Dr.  Frank  land,  and  which  ^"as  employed  in  the  second 
edition  of  this  work.  Perhaps  few  terms  have  been  more  wonderfully  mis- 
understood and  misrepresented  than  that  phrase,  and  it  is  hoped  that  the  new 
term  will  be  Iofs  liable  to  misconception.  It  will  be  remembered  the  "previous 
sewage  contamination  "  of  a  water  was  calculated  by  multiplying  the  sum  of 
the  quantities  of  nitrogen  present  as  ammonia,  nitrates,  and  nitrites,  by  10,000 
and  deducting  320  from  the  product,  the  number  thus  obtained  representing 
the  previous  animal  contamination  of  the  water  in  terms  of  average  filtered 
London  sewage.  It  was  purely  conventional,  for  the  proportion  of  organic 
nitrogen  present  in  such  sewage  was  assumed  to  be  10  parts  per  100,000, 
whereas  in  the  year  1857  it  was  actually  8'4  parts,  and  in  1869  only  7  parts. 
The  deduction  of  320  was  made  to  correct  for  the  average  amount  of  inorganic 
nitrogen  in  rain  water,  and  this  is  omitted  in  calculating  "total  inorganic 
nitrogen  "  for  the  following  reasons :— The  quantity  is  small,  and  the  variations 
in  composition  of  rain  water  at  diflerent  times  and  under  different  circumstanoee 
very  considerable,  and  it  appears  to  obscure  the  significance  of  the  results  of 
analysis  of  very  pure  waters  to  deduct  from  all  the  same  fixed  amount.  As, 
too,  the  average  amount  of  totiil  inorganic  nitrogen  in  unpolluted  surface 
waters  is  only  0011  part  (XXVIII.),  it  cannot  be  desirable  to  apply  a  correotion 
amounting  to  ncarl}''  three  times  that  average,  and  so  place  a  water  which 
contains  0'032  part  of  total  inorganic  nitrogen  on  the  same  level  as  one  which 
contains  no  trace  of  any  previous  pollution. 

Chlorine. 

This  is  usually  present  as  sodium  chloride,  but  occasionally,  as  has  been 
mentioned  before,  it  is  most  likely  as  a  calcium  salt.  It  is  derived,  in  some 
cases,  from  the  soil,  but  more  usually  from  animal  excreta  (human  urine 
contains  about  500  parts  per  100,000),  and  is  therefore  of  considerable  importance 
in  forming  a  judgment  as  to  the  character  of  a  water.  Unpolluted  river  and 
spring  waters  usually  contain  less  than  one  part ;  average  town  sewage  about 
eleven  parts.  Shallow  well  water  may  contain  any  quantity  from  a  mere  trace 
up  to  fift}'  parts  or  even  more.  Ite  amount  is  scarcely  affected  by  any  degree 
of  filtration  through  soil :  thus  the  effluent  water  from  land  irrigated  with 
sewage  contains  the  same  proportion  of  chlorine  as  the  sewage,  unless  it  has 
been  diluted  by  subsoil  water  or  concentrated  by  evaporation.  Of  course, 
attention  should  be  given  to  the  geological  nature  of  the  district  from  which  the 
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water  comes,  the  distance  from  the  sea  or  other  source  of  chlorine,  etc.,  in 
order  to  decide  on  the  origin  of  the  chlorine.  Under  ordinary  circumstance,  a 
water  containing  more  than  three  or  four  parts  of  chlorine  should  be  regarded 
with  suspicion. 

HardnesB. 

This  is  chiefly  of  importance  as  regards  the  use  of  the  water  for  cleansing 
and  manufacturing  purposes,  and  for  steam  boilers.  It  is  still  a  moot  point 
as  to  whether  hard  or  soft  water  is  better  as  an  article  of  food.  The 
temporary  hardness  is  oft«n  said  to  be  that  due  to  carbonates  held  in  solution 
by  carbonic  acid,  but  this  is  not  quite  correct ;  for  even  after  prolonged 
boiling,  water  will  still  retain  about  three  parts  of  carbonate  in  solution,  and 
therefore  when  the  total  hardness  exceeds  three  parte,  that  amount  should 
be  deducted  from  the  permanent  hardness  and  added  to  the  temporary,  in  order 
to  get  the  quantity  of  carbonate  in  solution.  But  the  term  "temporary" 
hardness  properly  applies  to  the  amount  of  hardness  which  may  be  removed 
by  boiling,  and  hence,  if  the  total  hardness  be  less  than  three  parts,  there  is 
usually  no  temporary.  As  the  hardness  depends  chiefly  on  the  nature  of  the 
soil  through  and  over  which  the  water  passes,  the  variations  in  it  are  very 
great;  that  from  igneous  strata  has  least  hardness,  followed  in  approximate 
order  by  that  from  Metamorphic,  Cambrian,  Silurian  and  Devonian  rocks. 
Millstone  Grit,  London  Clay,  Bagshot  Beds,  New  Bed  Sandstone,  Coal  Measures, 
Mountain  Limestone,  Oolite,  Chalk,  Lias,  and  Dolomite,  the  average  in  the  case 
of  the  first  being  2*4  part*4,  and  of  the  last  41  parts.  As  animal  excreta  contain  a 
considerable  quantity  of  lime,  highly  polluted  waters  are  usually  extremely  hard. 
Water  from  shallow  wells  contains  varyinf^  proportions  up  to  nearly  200  parts 
of  total  hardness  (XIII.).  No  generalization  can  be  made  as  to  the  proportion 
of  permanent  to  temporary  hardness. 

Suspended  Matter. 

This  is  of  a  less  degree  of  importance  than  the  matters  hitherto  considered. 
From  a  sanitary  point  of  view  it  is  of  minor  interest,  because  it  may  be  in 
most  cases  readily  and  completely  removed  by  filtration.  Mineral  suspended 
matter  is,  however,  of  considerable  mechanical  importance  as  regards  the 
formation  of  impediments  in  the  river  bed  by  its  gradual  deposition,  and  as 
regards  the  choking  of  the  sand  filters  in  water-works ;  and  organic  suspended 
matter  i»  at  times  positively  injurious,  and  always  favours  the  growth  of  minute 
organisms. 

From  the  determinations  which  have  been  described,  it  is  believed  that  a 
sound  judgment  as  to  the  character  of  a  water  may  be  made,  and  the  analyst 
should  hardly  be  content  ^vith  a  less  complete  examination.  If,  however,  from 
lack  of  time  or  other  cause,  so  much  cannot  be  done,  a  tolerably  safe  opinion 
may  be  formed,  omitting  the  determination  of  total  solid  matter,  and  organic 
carbon  and  nitrogen.  But  it  must  not  be  forgotten  that  by  so  doing  the  inquiry 
is  limited  as  regards  organic  impurity,  to  the  determination  of  that  which  was 
formerly  present,  but  has  already  been  converted  into  inorganic  substances.  If 
still  less  inuMt  suffice,  the  estimation  of  nitrogen  as  nitrates  and  nitrites  may  be 
omitted,  its  place  being  to  a  certain  extent  supplied  by  that  of  chlorine,  but 
etipecial  care  must  then  be  taken  to  ascertain  the  source  of  the  latter  by  exami- 
nation of  the  district.  If  it  be  in  any  degree  of  mineral  origin,  no  opinion  can 
be  formed  from  it  as  to  the  likelihood  of  organic  pollution. 

General  Considerations. 

In  judging  of  the  character  of  a  sample  of  water,  due  attention  must  of 
course  be  paid  to  the  purpose  for  which  it  is  proposed  to  be  used.  The  analyst 
frequently  has  only  to  decide  broadly  whether  the  water  is  good  or  bad ;  as,  for 
example,  in  cases  of  the  domestic  supply  to  isolated  houses  or  of  existing  town 
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supplies.  Water  which  would  he  fairly  well  suited  for  the  former  might  be 
very  objectionable  for  the  latter,  where  it  would  he  required  to  a  certain  extent 
for  manufacturing  purposes.  Water  which  would  be  dftogerous  for  drinking  or 
cooking  may  be  used  for  certain  kinds  of  cleansing  operations ;  but  it  must  not 
be  forgotten,  that  unless  great  care  and  watchfulness  are  exercised  there  is  con- 
siderable danger  of  this  restriction  being  neglected,  and  especially  if  the 
objectionable  water  is  nearer  at  hand  than  the  purer  supply.  There  would 
for  this  reason,  probably,  be  some  danger  attending  a  double  supply  on  a  large 
scale  in  a  town,  even  if  the  cost  of  a  double  service  of  mains,  etc.,  were  not 
prohibitive. 

It  is  often  required  to  decide  between  several  proposed  sources  of  supply,  and 
here  great  care  is  necessary,  especially  if  the  differences  between  the  samples 
are  not  great.  If  possible,  samples  should  be  examined  at  various  seasons  of 
the  year ;  and  care  should  be  taken  that  the  samples  of  the  several  waters  are 
collected  as  nearly  as  possible  simultaneously  and  in  a  normal  condition.  The 
general  character  of  a  water  is  most  satisfactorily  shown  by  the  average  of  a 
systematic  series  of  analyses;  and  for  this  reason  the  average  analysis  of  the 
water  supplies  of  London,  taken  from  the  Reports  of  Dr.  Fraukland  to  the 
Kegistrar  General,  of  Glasgow  by  Dr.  Mills,  and  of  Birmingham  by  Dr.  Hill, 
are  included  in  the  table.  River  waters  should,  as  a  rule,  not  be  examined 
immediately  after  a  heavy  rain  when  they  are  in  flood.  A  sudden  rainfall  after 
a  dry  season  will  often  foul  a  river  more  than  a  much  heavier  and  more 
prolonged  downfall  after  average  weather.  Similarly  the  sewage  discharged 
from  a  town  at  the  beginning  of  a  heavy  rainstorm  is  usually  extremely  foul, 
the  solid  matter  which  has  been  accumulating  on  the  sides  of  the  sewers,  and  in 
comers  and  recesses,  being  rapidly  washed  out  by  the  increased  stream. 

The  possibility  of  improvement  in  quality  must  also  be  considered.  A  turbid 
water  may  generally  be  rendered  clear  by  filtration,  and  this  will  often  also 
effect  some  slight  reduction  in  the  quantity  of  organic  matter;  but  while 
somewhat  rapid  filtration  through  sand  or  similar  material  will  usually  remove 
all  solid  suspended  matter,  it  is  generally  necessary  to  pass  the  water  ver}' 
slowly  through  a  more  efficient  material  to  destroy  any  large  proportion  of  the 
organic  mat'er  in  solution.  Very  fine  sand,  animal  ch^ircoal,  and  spongy  iron 
are  all  in  use  for  this  purpose.  The  quantity  of  available  oxygen  must  not 
be  neglects  in  considering  the  question  of  filtration.  If  the  water  contains 
only  a  small  quantity  of  organic  matter  and  is  well  aerated,  the  quantity  of 
oxygen  in  solution  may  be  sufficient,  and  the  filtration  may  then  be  continuous; 
but  in  many  instances  this  is  not  the  case,  and  it  is  then  necessary  that  the 
filtration  should  be  intermittent,  the  water  being  allowed  at  intervals  to  drain 
off  from  the  filtering  material  in  order  that  the  latter  may  be  well  aerated, 
after  which  it  is  again  fit  for  work. 

Softening  water  by  Clark's  process  generally  removes  a.  large  quantity  of 
organic  matter  (see  Table  8,  XVI.)  from  solution,  it  being  carried  down  with 
the  calcium  carbonate  precipitate. 

It  is  evident  that  no  very  definite  distinction  can  be  drawn  between  deep 
and  shallow  wells.  In  the  foregoing  pages,  deep  wells  generally  mean  such  as 
are  more  than  100  feet  deep,  but  there  are  many  considerations  which  qualify 
this  definition.  A  deep  well  may  be  considered  essentially  as  one  the  water 
in  which  has  filtered  through  a  considerable  thickness  of  porous  material,  and 
whether  the  shaft  of  such  a  well  is  deep  or  shallow  will  depend  on  circumstances. 
If  the  shaft  passes  through  a  bed  of  clay  or  other  impervious  stratum,  and  the 
surface  water  above  that  is  rigidly  excluded,  the  well  should  be  classed  as  *'  deep," 
even  if  the  shaft  is  only  a  few  feet  in  depth,  because  the  water  in  it  must  have 
passed  for  a  considerable  distance  below  the  clay.  On  the  other  hand,  however 
deep  the  shaft  of  a  well,  it  must  be  considered  as  "  shallow  "  if  water  can  enter 
the  shaft  near  the  surface,  or  if  large  cracks  or  fissures  give  free  passage  for 
surface  water  through  the  soil  in  which  the  well  is  sunk.  With  these  principles 
in  view,  the  water  from  wells  may  often  be  improved.  Every  care  should  "be 
taken  to  exclude  surface  water  from  deep  wells ;  that  is  to  say,  all  water  from 
strata  within  about  100  feet  from  the  surface  or  above  the  first  impervious 
bed.    In  very  deep  wells  which  pass  through  several  such  beds,  it  is  desirable  to 
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examine  the  water  from  each  }?roup  of  pervious  strata,  as  this  often  varies  in 
quality,  and  if  the  supply  is  sufficient,  exclude  all  hut  the  best. 

In  shallow  wells  much  may  occasionally  be  accomplished  in  a  similar  manner 
by  making  the  upper  part  of  the  shaft  water-tight.  It  is  also  desirable  that 
the  surface  for  some  distance  round  the  well  should  be  puddled  with  clay, 
concreted,  or  otherwise  rendered  impervious,  so  a^  to  increase  the  thicKuess  of 
the  soil  through  which  the  water  has  to  pass.  Drains  passing  near  the  well 
should  be,  if  possible,  diverted ;  and  of  course  cesspools  should  be  either  abolished, 
or,  if  that  is  impracticable,  removed  to  as  great  a  distance  from  the  well  as  is 
possible,  and  in  addition  made  perfectly  water-tight.  Changes  such  as  these  tend 
to  diminish  the  uncertainty  of  the  conditions  attending  a  shallow  well,  but  ia 
most  cases  such  a  source  of  supply  should,  if  possible,  be  abandoned  as  dangerous 
at  best. 

Clark's  Process  for  Softening  Hard  Water. 

The  patent  right  of  this  process  having  expired,  the  public  are  free  to  use  it. 

The  original  method  of  softening  consisted  in  adding  lime  to  the  hard  water. 
It  is  only  applicable  to  water  which  owes  its  hardness  entirely,  or  chiefly,  to 
the  calcium  and  magnesium  carbonates  held  in  solution  by  carbonic  acid 
(tempararif  hardness).  Water  which  owes  its  hardness  to  calcium  or  magnesium 
sulphate  (permanent  ftardness)  cannot  be  thus  softened ;  but  any  water  which 
softens  on  boiling  for  half  an  hour  will  be  softened  to  an  equal  extent  by  Clark 's 
process.  The  hard  water  derived  from  chalk,  limestone,  or  oolite  districts,  is 
generally  well  adapted  for  this  operation. 

To  soften  700  gallons  of  water,  about  one  ounce  of  quicklime  is  required  for 
each  part  of  temporary  hardness  in  100,000  parts  of  water.  The  quantity  of 
quicklime  required  is  tnoroughly  slaked  in  a  pailful  of  water.  Stir  up  the  milk 
of  lime  thus  obtained,  and  pour  it  immediately  into  the  cistern  containing  at 
least  50  gallons  of  the  water  to  be  softened,  taking  care  to  leave  in  the  pail 
any  heavy  sediment  that  may  have  settled  to  the  bottom  in  the  few  seconds 
that  intervened  between  the  stirring  and  pouring.  Fill  the  pail  again  with 
water,  and  stir  and  pour  as  before.  The  remainder  of  the  700  gallons  of  water 
must  then  be  added,  or  allowed  to  run  into  the  cistern  from  the  supply  pipe.  If 
the  rush  of  the  water  does  not  thoroughly  mix  the  contents  of  the  cistern,  this 
must  be  accomplished  by  stirring  with  a  suitable  wooden  paddle.  The  water  will 
now  appear  very  milky,  owing  to  the  precipitation  of  the  chalk  which  it  previously 
contained  in  solution  together  with  an  equal  quantity  of  chalk  which  is  formed 
from  the  quicklime  added. 

After  standing  for  three  hours  the  water  will  be  sufficiently  clear  to  use  for 
washing;  but  to  render  it  clear  enough  for  drinking,  at  least  twelve  hours' 
settlement  is  required.  This  process  not  only  softens  water,  but  it  removes 
to  a  great  extent  objectionable  organic  matter  present. 

The  proportion  of  lime  to  \i'ater  may  be  more  accurately  adjusted  during  the 
running  in  of  the  hard  water,  by  taking  a  little  water  from  the  cistern  at 
intervals  in  a  small  white  cup,  and  adding  to  it  a  drop  or  two  of  solution  of 
nitrate  of  silver,  which  will  produce  a  yellow  or  brownish  colouration  as  long 
as  there  is  lime  present  in  excess.  As  soon  as  this  becomes  verj'  faint,  and  just 
about  to  disappear,  the  flow  of  water  must  be  stopped. 

The  above  description  applies  simply  to  the  original  Clark  process  by  which 
only  calcium  and  magnesium  carbonates  were  removable.  Other  methods  have 
been  since  devised  both  to  hasten  the  process  and  to  remove  also  sulphates  as  well 
as  carbonates  of  lime  and  magnesia. 

The  latest  and  most  effective  process  is  that  ofArchbutt  and  Dee  ley.  Full 
details  of  the  process  are  contained  in  a  paper  by  L.  Archbutt  (Proc.  Inst. 
Mech.  Engineers,  1898,  404-429.) 

The  first  part  of  this  paper  deals  with  the  compounds  or  salts  of  calcium 
and  magnesium  which  cause  temporary  and  permanent  hardness  in  natural 
waters,  and  the  chemical  methods  of  precipitating  these  compounds  by  using 
lime  water  and  sodium  carbonate.  Attention  is  drawn  to  the  fact  that  water 
which  has  been  softened   when   cold,  deposits  a  further  small  quantity  of 
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precipitate  on  heating.  The  precipitation  is  liable  to  take  place  in  the 
injectors  and  feed  pipes  of  boilers,  the  deposit  increasing  until  it  completely 
chokes  the  pipes.  As  the  deposit  consists  principally  of  calcium  carbonate  and 
magnesium  hydrate,  the  precipitation  may  be  prevented  by  re-carbonating  the 
clear  qpftened  water.  This  cannot  possibly  harden  it.  The  Archbutt- 
Deeley  process  involves  the  passing  of  carbonic  acid  into  the  softened  water  as 
it  is  drawn  off  from  the  softening  tanks,  and  is  carried  out  as  follows:  The 
hard  water  is  run  into  a  tank  and  the  proper  quantities  of  lime  and  sodium 
carbonate  are  added.  The  lime  is  first  sl^ed  in  a  small  reagent  tank  above  the 
main  tank,  and  then  boiled  after  the  addition  of  water,  by  means  of  a  steam 
pipe.  The  alkali  is  now  added,  and  the  reagent  thus  prepared  is  run  into  the 
water  tank,  being  distributed  through  perforated  horizontal  pipes.  To  cause  the 
fine  precipitate  to  fall  to  the  bottom  of  the  tank  quickly,  a  quantity  of  mud 
at  the  bottom  of  the  tank  (the  deposit  of  a  previous  softening)  is  stirred  up  by 
blowing  air  into  it  through  a  suitable  pipe.  This  mud  rapidly  settles  again, 
carrying  the  newly  formed  precipitate  with  it,  and  in  hdf  an  hour  the  water 
is  clear  enough  to  be  drawn  ofi*.  The  operations  of  drawing  6ff  and  carbonating 
are  effected  simultaneously  by  means  of  a  floating  discharge  pipe.  The  water 
passes  down  the  pipe,  and  is  caused  to  splash  up  into  the  carbonic  acid  gas 
by  a  series  of  baffle  plates.  The  gas  is  collected  from  a  coke-furnace  and  injected 
into  the  pipe.  The  mud  is  prevented  from  unduly  collecting  in  the  tanks  by 
its  partial  removal  when  required. 

Besides  softening  the  water,  this  process  also  purifies  it  as  regards  organic 
matter.  The  precipitate  of  calcium  carbonate  carries  down  with  it  about  98 
per  cent,  of  the  organisms  in  the  water,  even  when  the  latter  is  swarming  with 
bacteria,  and  the  repeated  stirring  up  of  the  old  precipitate  does  not  impair 
the  efficiency  of  the  purification  in  this  respect. 

The  process  gives  the  best  results  when  magnesia  is  present,  the  magnesium 
hydrate  forming  a  coarser  precipitate,  which  settles  more  rapidly  than  pure 
calcium  carbonate. 

This  process  may  also  be  used  for  clarifying  the  waste  water  from  bleach  and 
dye  works,  calico  printing  works,  paper  mills,  cloth  mills,  etc.;  lime  and 
"  alumiuo-ferric  "  being  the  chemicals  chiefly  employed  as  precipitants. 

All  the  necessary  machinery  for  carrying  out  this  excellent  process  is 
manufactured  by  Mather  and  Piatt,  Limited,  Salford  Iron  Works, 
Manchester,  who  will  furnish  all  details  and  estimates  to  any  one  who  desires 
to  use  the  process. 

METHODS    OF   ESTIMATING   THE    OBGANIC 

IMPUKITIBS   IN 
WATER   WITHOUT    GAS    APPABATUS. 

§  99.  The  foregoing  methods  of  estimating  tlie  organic  impurities 
in  potable  waters,  thou^^h  very  comprehensive  and  trustworthy,  yet 
possess  the  disadvantage  of  occupying  a  good  deal  of  time,  and 
necessitate  the  use  of  a  complicated  and  expensive  set  of  apparatus, 
which  may  not  always  be  within  the  reach  of  the  operator. 

No  information  of  a  strictly  reliable  character  as  to  the  nature  of  the 
organic  matter  or  its  quantity  can  be  gained  from  the  use  of  standard 
permanganate  solution  as  originally  devised  by  Forscliammer,  and 
the  same  remark  applies  to  the  loss  on  ignition  of  tlie  residue,  both 
of  which  have  been  in  i)ast  time  largely  used. 

The  Forscliammer  or  oxygen  process,  however,  as  improved  by 
Letheby,  and  further  elaborated  by  Tidy,  may  be  considered  as 
worthy  of  considemble  confidence  in  determining  the  amount  of 
organic  substances  contained  in  a  water. 
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The  Oxygen  Absorption  Process. 

This  process  depends  upon  the  estimation  of  the  amount  of  oxygen 
required  to  oxidize  the  organic  and  other  oxidizable  matters  in 
a  known  vohime  of  water,  slightly  acidified  with  pure  sulphuric  acjd. 
For  this  purpose,  a  standard  solution  of  potassium  permanganate  is 
employed  in  excess.  The  amount  of  unchanged  permanganate,  after 
a  given  time,  is  ascertained  by  means  of  a  solution  of  sodium 
thiosulphate,  by  the  help  of  the  ioiline  and  starcli  reaction. 

Tidy  and  Frank  land  in  all  cases  made  a  blank  exi)eriment  with 
pure  distilled  water,  side  by  side  with  the  sample. 

As  regards  the  time  during  which  the  sample  of  water  should  be 
exposed  to  the  action  of  the  permanganate,  authorities  somewhat 
differ.  It  is  manifest  that,  if  the  water  contain  certain  reducing 
agents  such  as  nitrites,  ferrous  salts,  or  sulphuretted  hydrogen,  an 
immediate  reduction  of  the  reagent  will  occur,  and  Tidy  is  disposed 
to  register  the  reduction  which  occurs  in  three  minutes,  in  the  known 
absence  of  iron  and  sulphuretted  hydrogen,  as  due  to  nitrites.  The 
same  authority  adopts  the  plan  of  making  two  observations,  one  at 
the  end  of  one  hour  and  another  at  the  end  of  three  hours,  at  the 
ordinary  temperature  of  the  laboratory  (say  60^  Fahr.  or  16°  C.) 

Frank  land  admits  this  process  to  be  the  best  volumetric  method 
in  existence  for  the  estimation  of  organic  matters,  but  is  content  with 
one  experiment  lasting  three  hours  (also  at  ordinary  temperature). 

The  Water  Committee  of  the  Society  of  Public  Analysts  of  Great 
Britain  and  Ireland  have  adopted  the  pericxls  of  fifteen  minutes  and 
four  hours  for  the  duration  of  the  experiment,  at  the  fixed  temperature 
of  80°  Fahr.  or  27°  C* 

Duprd  lias  carried  out  experiments  {Afudi/tft  vii.  1),  the  results  of 
which  are  in  favour  of  the  modifications  adopted  by  the  Committee. 
The  chief  conclusions  arrived  at  are  : — 

(1)  That,  practically  no  decomposition  of  permanganate  takes 
place  during  four  hours  when  digested  in  a  closed  vessel  at  80°  with 
perfectly  pure  water  and  the  usual  proportion  of  pure  sulphuric  acid. 
By  adopting  the  closed  vessel,  all  dust  or  reducing  atmospheric 
influence  is  avoided. 

*  Dupr^  in  further  comment  on  the  temperature  at  which  it  is  advisable  to  carry  out 
this  method  {Analyst  x.  118),  and  also  as  to  the  reactions  invoWed,  points  out  one  feature 
which  has  in  all  probability  impressed  itself  upon  other  operators,  that  is  to  say,  the  effect 
of  chlorides  when  present  in  any  quantity.  It  is  evident  that  if  in  this  cose  the  per- 
manganate is  used  at  a  high  temperature  and  in  open  vessels,  chlorine  will  be  liberated ; 
part  escaping  into  the  air,  and  the  rest  nullifying  the  reducing  effect  of  any  organic  matter 
present  on  the  permanganate.  If,  however,  the  experiment  be  conducted  at  nigh  temper- 
ature in  a  closea  vessel,  the  probable  error  is  eliminated,  because  the  chlorine  is  retuined, 
and  subsequently,  when  cool  and  the  i)ocassium  iodide  added,  the  free  CI  liberates  exactly 
the  same  amount  of  iodine  as  would  have  been  set  free  by  the  permanganate  from  which  it 
was  produced.  It  thus  becomes  possible  to  estimate  the  amount  of  oxidizable  organic 
matter,  even  in  sea  water.  In  order,  however,  to  reduce  the  probable  error  from  the 
presence  of  chlorides,  Dupr^  prefers  to  carry  on  the  experiment  at  a  very  low  temperature, 
in  fact,  as  near  (P  C.  or  32^  F.  &s  possible,  and  uses  phosphoric  acid  in  place  of  sulphuric 
(250  gm.  glacial  &cid  to  the  liter ;  10  c.c.  of  which  is  used  for  each  quarter  or  half  liter  of 
water).  The  sample  is  cooled,  the  reagent  added  in  a  stoppered  bottle,  and  kept  in  an 
ordinary  refrigerator  for  twenty-four  hours.  The  same  operator  very  rightly  condemns 
the  practice  adopted  by  some  chemists,  esi)ecially  those  of  Qermany,  of  boiung  a  water 
with  permanganate  and  sulphuric  acid.  The  presence  of  chlorides  in  varying  proportions 
must  in  such  case  totally  vitiate  the  results. 

n  H 
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(2)  The  standardizing  of  the  thiosulphate  and  permanganate, 
originally  and  from  time  to  time,  must  be  made  in  a  closed  vessel  in 
the  same  manner  as  the  analysis  of  a  water,  since  it  has  been  found 
that  when  the  titration  is  made  slowly  in  an  open  beaker  less 
thiosulphate  is  required  than  in  a  stoppered  bottle.  This  is  probably 
due  to  a  trifling  loss  of  iodine  by  evaporation. 

(3)  That  with  very  pure  waters  no  practical  difference  is  produced 
by  a  rise  or  fall  of  temperature,  the  same  results  being  obtained  at 
32°  F.  as  at  80°  F.  On  the  other  hand,  with  polluted  waters,  the 
greater  the  organic  pollution,  the  greater  the  difference  in  the  amount 
of  oxygen  absorbed  according  to  temperature. 

(4)  As  to  time,  it  appears  that  very  little  difference  occurs  in  good 
waters  between  three  and  four  hours*  digestion ;  but  with  bad  waters 
there  is  often  a  very  considerable  increase  in  the  extra  hour ;  and  thus 
Dupr^  doubts  whether  even  four  hours'  digestion  suffices  for  very 
impure  waters. 

The  necessary  standard  solutions  for  working  the  process  will  be 
described  further  on.     (For  method  of  procedure  see  page  477.) 

Comparison  of  the  Results  of  this  Process  with  the 
Combustion  Method. — I  cannot  do  better  than  quote  Frank  land's 
remarks  on  this  subject,  as  contained  in  his  treatise  on  Water 
Analysis : — 

"The  objections  to  the  oxygen  process  are  first,  that  its  indications  are 
only  comparative,  and  not  absolute;  and,  second,  that  its  oomparisons  are 
only  true  when  the  organic  matter  compared  is  substantially  identical  in 
composition. 

"  For  many  years,  indeed,  after  this  process  was  first  introduced,  the  action  of 
the  permanganate  was  tacitly  assumed  to  extend  to  the  complete  oxidation  of  the 
organic  matter  in  the  water,  and,  therefore,  the  result  of  the  experiment  was 
generally  stated  as  'the  amount  of  oxygen  required  to  oxidize  the  organic 
matter;'  whilst  some  chemists  even  employed  the  number  so  obtained  to  calculate 
the  actual  weight  of  organic  matter  in  the  water  on  the  assumption  that  equal 
weights  of  all  kinds  of  organic  matter  required  the  same  weight  of  oxygen  for 
their  complete  oxidation. 

"Both  these  assumptions  have  been  conclusively  proved  to  be  entirely 
fallacious,  for  it  has  been  experimentally  demonstrated  by  operating  upon 
known  quantities  of  organic  substances  dissolved  in  water,  that  there  is  no 
relation  either  between  the  absolute  or  relative  weight  of  different  organic 
matters  and  the  oxygen  which  such  matters  abstract  from  permanganate. 

"  Nevertheless,  in  the  periodical  examination  of  waters  from  the  same  source,  I 
have  noticed  a  remarkable  parallelism  between  the  proportions  of  organic  carbon 
and  of  oxygen  abstracted  from  permanganate.  Thus,  for  many  years  past,  I 
have  seen  in  the  monthly  examination  of  the  waters  of  the  Thames  and  Lea 
supplied  to  London  such  a  ])arallelism  between  the  numbers  given  by 
Tidy,  expressing  'oxygen  consumed,'  and  those  obtained  by  myself  in  the 
determination  of  '  organic  carbon.* 

"  This  remarkable  agreement  of  the  two  processes,  extending  as  it  did  to 
1,418  out  of  1,686  samples,  encouraged  me  to  hope  that  a  constant  multiplier 
might  be  found,  by  which  the  'oxygen  consumed'  of  the  Forschammer 
process  could  be  translated  into  the  '  organic  carbon '  of  the  combustion  method 
of  analysis.  To  test  the  possibility  of  such  a  conversion,  my  pupil. 
Woodland  Toms,  made,  at  my  suggestion,  the  comparative  experiments 
recorded  in  the  following  tables : 
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I.— Biver  Water. 


Source  of  Sftmple. 

Oxygen 
consumed. 

C 
0 

- 

Organic 

ourbon  by 

combustion. 

Chelsea  Company's  supply         

0098     X 

2-6 

SB 

0*256 

West  Middlesex  Co/s  „ 

0116     X 

2-6 

= 

0-291 

Lambeth  Co.'s              ,, 

0119     X 

2*43 

= 

0-282 

Southwark  Co.'s           „ 

0121     X 

2*22 

0-269 

New  River  Co.'s           „             

O076     X 

2-4 

a 

0183 

Chelsea  Co.'s  second  sam])lc                       | 

0070    X 

2-69 

= 

0188 

Lambeth  Co.'s         „                                  ' 

0119    X 

1-99 

a 

0*284 

New  River  Co.'s      „                  , 

1 

0107     X 

2-25 

= 

0*221 

**  As  the  result  of  these  experiments  the  average  multiplier  is  2*38,  and  the 
maximum  errors  incurred  by  its  use  would  be  —  0021  part  of  organic  carbon 
in  the  case  of  the  seoond  sample  of  the  Chelsea  Company's  water,  and  +  0*040 
part  in  that  of  the  second  sample  of  the  Lambeth  Company's  water.  Theee 
errors  would  practically  have  little  or  no  influence  upon  the  analyst's  opinion 
of  the  quality  of  the  water.  It  is  desirable  that  this  comparison  should  be 
extended  to  the  water  of  other  moderately  polluted  rivers. 


II.— Deep  Well  Water. 

Source  of  Sample. 


Oxygen 


Kent  Company's  supply 
Colne  Valley  Co.'s    „ 
Hodgson's  Brewery  well 


consumed, 


C      _ 


O015  X  51  = 
0*0133  X  69  « 
O03         X     5*3  = 


Organic 

carbon  by 

combustion. 


0077 
0*094 
0158 


**  The  relation  between  '  oxygen  consumed '  and  '  organic  carbon '  in  the  case 
of  deep  well  waters  is  thus  very  diflerent  from  that  which  obtains  in  the  case  of 
river  waters,  and  the  average  multiplier  deduced  from  the  foregoing  examples 
is  5*8,  with  maximum  errors  of  +  0*01  of  organic  carbon  in  the  case  of  the  Kent 
Company's  water,  and  —  0*015  in  that  of  the  Colne  Valley  water.  Such  slight 
errors  are  quite  unimportant. 

*'  Similar  comparative  experiments  made  with  shallow  well  and  upland  surface 
waters  showed  amongst  themselves  a  wider  divergence,  but  pointed  to  an  average 
multiplier  of  2*28  for  shallow  well  water,  approximately  the  same  as  that  found 
for  moderately  polluted  river  water,  and  18  for  upland  surface  water. 

"In  the  interpretation  of  the  results  obtained,  either  by  the  Forschammer 
or  combustion  process,  the  adoption  of  a  scale  of  organic  purity  is  often  useful 
to  the  analyst,  although  a  classification  according  to  such  a  scale  may  require  to 
be  modified  by  considerations  derived  from  the  other  analytical  data.  It  is 
indeed  necessary  to  have  a  separate  and  more  liberal  scale  for  upland  surface 
water,  the  organic  matter  of  which  is  usually  of  a  very  innocent  nature,  and 
derived  from  sources  precluding  its  infection  by  zymotic  poisons. 

"Subject  to  modification  by  the  other  analytical  data,  the  following  scale  of 
classification  has  been  suggested  by  Tidy  and  myself:— 


Seotion  I.— Upland  Surface  Water. 


<« 


Class  I.  Water  of  great  organic  purity,  absorbing  from  permanganate 
not  more  than  01  part  of  oxygen  per  100,000  parts  of  water,  or  0*07  grain 
per  gallon. 

H  H  2 
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"  Class  II.  Water  of  medium  purity^  absorbing  from  01  to  0*3  part  of 
oxygen  per  100,000  parts  of  water,  or  0*07  to  0*21  grain  per  gallon. 

"  Class  III.  Water  of  doubtful  purity^  absorbing  from  0*3  to  0*4  part 
per  100,000,  or  021  to  0 28  grain  per  gallon. 

"  Class  IV.  Impure  water,  absorbing  more  than  0*4  part  per  100,000  or 
0"28  grain  per  gallon. 

Section  II.— Water  other  than  Upland  Surface. 

"  Class  I.  Water  of  great  organic  purity ,  absorbing  from  permanganate 
not  more  than  0*05  part  of  oxygen  i)er  100,000  parts  of  water,  or  0035  grain 
per  gallon. 

"  Class  II.  Water  of  medium  purify ^  absorbing  from  005  to  015  part  of 
oxygen  per  100,000,  or  0*035  to  01  grain  ^r  gallon. 

"  Class  III.  Water  of  doubtful  purity,  absorbing  from  0*15  to  0*2  part 
of  oxygen  per  100,000,  or  01  to  015  grain  per  gallon. 


(( 


Class  IV.    Impure  water,  absorbing  more  than  0*2  part  of  oxygen  per 
100,000,  or  0*15  grain  per  gallon. 

The  Albuminoid  Ammonia  Process. 

Wanklyi),  Chapman,  and  Smith  are  the  authors  of  this  well- 
known  method  of  estimating  the  quantity  of  nitrogenous  organic 
matter  in  water,  which  depends  upon  the  conversion  of  the  nitrogen 
in  such  organic  matter  into  ammonia  when  distilled  with  an  alkaline 
solution  of  potassium  permanganate  (/.  C.  S.  1867,  591). 

The  authors  have  given  the  term  "  Albuminoid  ammonia  "  to  the 
NH3  produced  from  nitrogenous  matter  by  the  action  of  the 
permanganate,  doubtless  because  the  first  experiments  made  in  the 
process  were  made  with  albuminous  substances  ;  but  the  authors  also 
proved  that  ammonia  may  be  obtained  in  a  similar  way  from  a  great 
variety  of  nitrogenous  organic  substances,  such  as  hippuric  acid, 
narcotine,  strychnine,  morphine,  creatine,  gelatine,  casein,  etc. 
Unfortunately,  however,  although  the  proportion  of  nitrogen  yielded 
by  any  one  substance  when  treated  with  boiling  alkaline  permanganate 
appears  to  be  definite,  yet  different  substances  give  different  proportions 
of  their  nitrogen.  Thus  hippuric  acid  and  narcotine  yield  the  whole, 
but  strychnine  and  morphine  only  one-half  of  their  known  proportion 
of  nitrogen.  Hence  the  value  of  the  numerical  results  thus  obtained 
depends  entirely  on  the  assumption  that  the  nitrogenous  organic 
matter  in  water  is  uniform  in  ilx  nature,  and  the  authors  say  that  in 
a  river  polluted  mainly  by  sewage  **  the  disintegrating  animal  refuse 
would  be  pretty  fairly  measured  by  ten  times  the  albuminoid  ammonia 
which  it  yields." 

It  is  stated  by  the  authors  that  the  albuminoid  ammonia  from 
a  really  good  drinking  water  should  not  exceed  0*008  part  in  100,000. 
The  average  of  fifteen  samples  of  Thames  water  supplied  to  London 
by  the  various  Water  Companies  in  1867  was  0*0089,  and  in  five 
samples  supplied  by  the  New  River  Company  0*0068  part  per  100,000. 

The  necessary  standard  solutions  and  directions  for  working  the 
process  will  be  described  further  on  (page  476). 
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■ 

For  Sea  Water  or  Waters  oontaining  large  amounts  of 

Chlorides,  Bromides,  etc. 

The  ordinary  method  cannot  be  applied  to  these  waters,  and 
a  modified  fonn  has  been  devised  by  Lenormand  (C.  A".  Ixxxix.  219) 
by  which  Duboscq's  colorimeter  is  used,  but  probably  otlier  instru- 
ments of  the  same  class  can  be  available. 

The  permanganate  used  is  the  same  as  is  used  in  the  above  method 
(p.  472),  and  in  addition  a  saturated  solution  of  sodium  bicarbonate 
is  necessary. 

Method  of  Procedure:  Place  100  c.c.  of  the  water  to  be  examined  iu 
a  beaker  with  10  c.c.  of  the  perman^oate  and  10  c.c.  of  the  bicarbonate  of 
soda  solutions.  Boil  for  ten  minutes,  and,  after  cooling,  bring  the  volume 
up  to  100  c.c.  with  distilled  water.  Allow  to  settle  completely,  and  decant 
the  liquid  into  one  of  the  colorimeter  glasses,  and  in  the  other  place  a  solution 
formed  of  10  c.c.  of  permanganate  and  90  c.c.  of  distilled  water.  Then  make 
the  tints  appear  equal. 

Now,  let  J"  be  the  quantity  of  permanganate  remaining  after  boiling,  p  the 
amount  of  permanganate  in  100  c.c.  of  the  check  sample,  Ui  the  degree  under 
which  the  water  in  question  is  being  examined,  and  U  that  of  the  check  sample. 
We  get— 

x  =  l^^^'. 
H  • 

or,  replacing  p  by  its  value, — 

x= 000395-^  ; 
Hi 

the  amount  of  ]>ermauganate  that  has  disappeared  during  boiling  will  be 

expressed  by  the  formula — 

000395-003395-=-,  or  000395/'- ^.^^Y 

Ui  V     Hi     / 

but  0*00395  of  permangiinate  of  potassium  corresponds  to  1  m.gm.  of  oxygen 

(II  J£\  H  —  H 

-p — - 1  will  corresiM)nd  to  a  quantity  equal  to  —^ — . 

Example.— Ijet  Hi  =40  and  H=26-4,  the  quantity  of  oxygen  fixed  by  100  c.c. 

40    26'4 
01  water  will  be =0*34  m.gm.,  or  3*4  m.gm.  per  Hter. 

The  method  is  constant  in  its  applications,  and  the  intensity  of  the  final  tint 
obtained  always  gives  the  same  results  with  one  particular  sample,  no  matter  how 
many  times  it  is  repeated,  provided  the  operations  are  conducted  under  identical 
conditions. 

FREFABATION  OF  THE  REAGENTS  FOR  THE 
SANITARY  ANALYSIS  OF  WATERS  WITHOUT 
GAS    AFFARATUS. 

§  100.  The  AVator  Committee  of  tbe  Society  of  Public  Analysts 
of  Oreat  liritain  and  Ireland  bave  drawn  up  some  very  concise 
directions  for  tbe  practice  of  water  analysis  for  sanitary  jmrposes, 
based  upon  well-known  processes,  tbe  essential  ^mrts  of  wbicb  are 
given  below.  Tbere  are  .some  sligbt  modifications,  sucli  as  tbe  use  of 
tbe  grain  measure  instead  of  tbe  gram,  etc.  Tbe  insertion  ben»  of 
tbese  directions  in  full,  or  nearly  so,  necessarily  n?peats  some 
processes  wbicb  bave  been  already  described  in  §§  96  and  97,  but 
it  avoids  cross-references,  and  at  tbe  same  time  gives  some  sligbt 
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practical  modifications  which,  to  some  operators,  may  seem  desirable. 
The  Committee  recommend  the  results  to  be  recorded  in  grains  per 
imperial  gallon;  but  whatever  system  of  weights  and  measures  the 
individual  analyst  may  use,  a  slight  calculation  will  enable  him  to 
state  the  results  in  any  required  way. 

Reagents  for  the  Estimation  of  Chlorine. 

Standard  solution  of  silver  nitrate. — Dissolve  4*79  parts  of  pure 
recrystallized  silver  nitrate  in  distilled  water,  and  make  the  solution 
up  to  1000  parts.  The  solution  is  to  be  standardized  against  the 
standard  solution  of  sodium  chloride,  and  adjusted  if  necessary. 
1  c.c.  =  0*001  gm.  of  chlorine. 

Standard  solution  of  sodium  chloride. — Dissolve  1*649  part  of 
pure  dry  sodium  chloride  in  distilled  water,  and  make  the  solution  up 
to  1000  parts.     1  c.c.  contains  0*001  gm.  chlorine. 

Potassium  monochromate. — 50  parts  of  potassium  monochromate 
are  dissolved  in  1000  parts  of  distilled  water.  A  solution  of  silver 
nitrate  is  added,  until  a  permanent  red  precipitate  is  produced,  which 
is  allowed  to  settle.     This  removes  any  accidental  chlorine  in  the  salt. 

Reagent  for  the  Estimation  of  Phosphoric  Aoid. 

Molylxlic  solution. — One  part  pure  molybdic  acid  is  dissolved  in 
4  parts  of  ammonia,  sp.  gr.  0*960.  This  solution,  after  filtration,  is 
poured  with  constant  stirring  into  15  parts  of  nitric  acid  of  1*20 
sp.  gr.  It  should  be  kept  in  the  dark,  and  carefully  decanted  from 
any  precipitate  which  may  form. 

For  method  of  procedure  see  page  474. 

Reagents  for  the  Estimation  of  Nitrogen  in  Nitrates. 

Concentrated  sulphuric  acid. — In  order  to  ensure  freedom  from 
oxides  of  nitrogen,  this  should  be  kept  in  a  bottle  containing  mercury, 
and  agitated  from  time  to  time,  which  will  ensure  their  absence. 

Metallic  aluminium. — As  thin  foil. 

Solution  of  sodium  hydrate. — Dissolve  100  parts  of  solid  sodium 
hydrate  in  1000  j>arts  of  distilled  water.  When  cold,  introduce 
a  strip  of  about  100  square  cm.,  say  fifteen  square  inches,  of 
aluminium  foil,  previously  heated  just  short  of  redness,  vrrapped 
round  a  glass  rod.  When  the  aluminium  is  dissolved,  boil  the  solution 
briskly  in  a  porcelain  basin  until  about  one-third  of  its  volume  has 
been  evaporated,  allow  it  to  cool,  and  make  it  up  to  its  original  volume 
with  water  free  from  ammonia.  The  solution  must  be  tested  by 
a  blank  experiment  to  prove  the  absence  of  nitrates. 

Broken  pumice. — Clean  pumice,  broken  into  pieces  of  the  size  of 
small  peas,  sifted  free  from  dust,  heated  to  redness,  and  kept  in 
a  closely  stoppered  bottle. 
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Hydrochloric  acid  free  from  ammonia. — If  the  ordinary  pure  acid 
is  not  free  from  ammonia,  it  should  be  distilled.  As  only  two  or 
three  drops  are  used  in  each  experiment,  it  will  be  sufticient  if  that 
quantity  does  not  contain  an  appreciable  proportion  of  ammonia. 

Copper  sulphate  solution. — Dissolve  30  parts  of  pure  copper 
sulphate  in  1000  parts  of  distilled  water. 

Metallic  zinc. — As  thin  foil.  This  should  be  kept  in  a  dry 
atmosphere,  so  as  to  ])e  preserved  as  far  as  possible  from  oxidation. 

Standard  solution  of  ammonium  chloride  (see  below). 

Nessler's  solution  (see  below). 

Standard  potassium  nitrate  of  '/looo  strength,  made  by  dissolving 
O'lOll  gm.  KNO3  ^^  *  ^^^^  ^^  water  free  from  nitrates  or  nitrites. 

Indigo  carmine. — A  good  quality  of  this  substance  (sodium 
sulphindylate)  should  be  selected,  such  as  will  not  give  a  very  dark 
brown  when  oxidized  with  nitric  acid,  and  about  a  gram  dissolved  in 
half  a  liter  of  dilute  pure  sidphuric  acid  (1  to  20).  This  solution 
keeps  in  the  dark  for  months  without  diminution  of  strength. 

Pure  sulphuric  acid. — This  must  be  free  from  nitric  or  nitrous 
compounds,  and  of  not  less  sp.  gr.  than  1'84. 
For  method  of  procedure  see  page  446. 

Reagents  for  the  Estimation  of  Nitrogen  as  Ammonia 

and  Albuminoid  Ammonia. 

Concentrated  standard  solution  of  ammonium  chloride. — Dissolve 
3*15  jmrts  of  pure  ammonium  chloride  in  1000  parts  of  distilled  water 
free  from  ammonia. 

Standanl  solution  of  ammonium  cliloride. — Dilute  the  above  with 
pure  distilled  water  to  100  times  its  bulk.  This  solution  is  used  for 
comparison  in  Nesslerizing,  and  contains  one  jmrt  of  ammonia  (NHg) 
in  100,000,  or  yj^  m.gm.  in  eacli  c.c. 

Nessler  solution. — Dissolve  35  parts  of  potassium  iodide  in  100 
parts  of  water.  1  )i8solve  1 7  parts  of  mercuric  cliloride  in  300  parts 
of  water.  The  liquids  may  be  heated  to  aid  solution,  but  if  so  must 
be  cooled.  Add  the  latter  solution  to  the  former  until  a  permanent 
precipitate  is  produced.  Then  dilute  with  a  20  per  cent,  solution  of 
sodium  or  potassium  hydrate  to  1000  parts;  add  mercuric  chloride 
solution  until  a  permanent  precipitate  again  forma ;  allow  to  stand  till 
8ettle(!,  and  decant  off  tlie  clear  solution.  The  bulk  sliould  be  kept 
in  an  accurately  stoppered  bottle,  and  a  quantity  transferretl  from 
time  to  time  to  a  small  bottle  for  use.  The  solution  improves  by 
keeping.  It  will  be  noticed  that  this  solution  is  only  about  half  the 
strength  of  the  one  given  on  page  417  ;  of  course  a  larger  volume  has 
to  l)e  used  in  testing. 
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Sodium  carbonate. — A  20  per  cent,  solution  of  recently  ignited 
pure  sodium  carbonate. 

Alkaline  permanganate  solution. — Dissolve  200  parts  of  |K)tassium 
hydrate  and  eight  parts  of  pure  potassium  permanganate  in  1,100 
parts  of  distilled  water,  and  boil  the  solution  rapidly  till  concentrated 
to  1000  parts. 

Distilled  water  free  from  ammonia  (see  page  418). 
For  method  of  procedure  see  pages  475,  476. 

Reagents  for  the  Estimation  of  Oxygen  absorbed. 

Standard  solution  of  potassium  permanganate. — Dissolve  0*395 
part  of  pure  potassiiun  permanganate  in  1000  of  water.  Each  c.c. 
contains  0*0001  gm.  of  available  oxygen. 

Potassium  iodide  solution.- — One  part  of  the  i)ure  salt  dissolved  in 
ten  parts  of  distilled  water. 

Dilute  sulphuric  acid. — One  part  by  volume  of  pure  sulphuric  acid 
is  mixed  with  three  parts  by  volume  of  distilled  water,  and  solution 
of  potassium  permanganate  dropped  in  until  the  whole  retains  a  v^ry 
faint  pink  tint,  after  warming  to  80^  F.  for  four  hours. 

Sodium  thiosidphate. — One  part  of  the  pure  crystallized  salt 
dissolved  in  1000  parts  of  water. 

Starch  indicator. — The  best  form  in  which  to  use  this  is  the  solution 
described  on  page  134. 

For  method  of  procedure  see  page  477. 

Reagents  for  the  Estimation  of  Hardness, 

Concentrated  standaixl  solution  of  calcium  chloride. — Dissolve 
1*144  gm.  of  pure  crystallized  calc-si)ar  in  dilute  hydrochloric  acid 
(with  the  precautions  given  on  page  423),  then  dissolve  in  water,  and 
make  up  to  a  liter. 

Standard  water  of  8°  hardness. — This  is  made  by  diluting  the 
foregoing  concentrated  solution  to  ten  times  its  volume  with  freslily 
boiled  and  cooled  distilled  water. 

Standard  soap  solution  (is  made  precisely  as  directed  on  page  423). — 
It  should  be  of  such  strength  as  just  to  form  a  permanent  lather, 
when  18  c.c.  is  shaken  with  100  c.c.  of  water  of  8"  hardness.  The 
following  table  will  then  give  the  degrees  of  hardness  corresponding 
to  the  number  of  c.c.  employed. 


dness. 

C.C. 

Measures. 

Hardness. 

C.C. 

Measures. 

0° 

0-9 

5° 

12*0 

1° 

2*9 

6^ 

14*0 

2° 

5-4 

r 

16*0 

3° 

7*7 

8° 

18*0 

4° 

9-9 
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After  which  one  degree  =  2  c.c.  This  is  the  last  solution 
recommended  by  Dr.  Clark,  and  differs  slightly  from  the  scale  given 
on  page  452  ;  the  variation,  however,  is  very  insignificant  except  in 
the  first  two  stages  of  the  table. 

For  method  of  procedure  see  page  478. 

The  Analytical  Frooesses. 
Collection  of  Samples. — The  came  as  directed  on  page  424. 

Appearance  in  Two-foot  Tube.— The  colour  or  tint  of  the  water 
must  be  ascertained,  by  examination,  in  a  tube  two  feet  long  and  two  inches  in 
diameter.  T\m  tube  should  be  made  of  ^lass  as  nearly  colourless  as  may  be,  and 
should  be  covered  at  each  end  witli  a  disc  of  perfectly  colourless  glass,  cemented 
on,  an  opening  beiug  left  for  filling  and  emptying  the  tube.  This  opening  may 
be  made,  either  by  cutting  a  half-segment  off  the  glass  disc  at  one  end,  or  by 
cutting  a  small  segmental  section  out  of  the  tube  itself,  before  the  disc  is 
cemented  on.  These  tubes  are  most  conveniently  kept  on  hooks  in  a  horizontal 
position  to  prevent  the  entrance  of  dust. 

The  tube  must  be  about  half-filled  with  the  water  to  be  examined,  brought 
into  a  horizontal  position  level  with  the  eye,  and  directed  towards  a  well- 
illuminated  white  surface.  The  companson  of  tint  has  to  be  made  between 
the  lower  half  of  the  tube  containing  the  water  under  examination,  and  the 
upper  half  containing  atmospheric  air  only. 

Smell. — Put  not  less  than  three  or  four  ounces  of  the  water  into  a  clean 
eight-ounce  wide-mouthed  stoppered  glass  bottle,  which  has  been  previously 
rinsed  with  the  same  water.  Int^rt  the  stopper,  and  wann  the  water  in  a 
wat«r  bath  to  100^  F.  (38°  C).  Remove  the  bottle  from  the  water-bath,  rinse 
it  outside  with  good  water  perfectly  free  from  odour,  and  shake  it  rapidly  for 
a  few  seconds ;  remove  the  stopper,  and  immediately  observe  if  the  water  has 
any  smell.    Insert  the  stoi>per  again,  and  repeat  this  test. 

When  the  water  has  a  dUtinct  odour  of  any  known  or  recognized  polluting 
matter,  such  as  peat  or  sewage,  it  should  be  so  described ;  when  this  is  not  the 
case,  the  smell  must  be  reported  simply  as  none,  very  slight,  slight,  or  marked, 
as  the  case  may  be. 

Chlorine. — Titrate  at  least  70  c.c.  of  the  ^-ater  with  the  standard  silver 
nitrate  solution,  either  in  a  white  ]K)rcelain  basin  or  in  a  glass  vessel 
standing  on  a  porcelain  slab,  using  potassium  chromato  as  an  indicator.  The 
titration  is  conducted  as  follows : — The  sample  of  vfvXer  is  measured  into  the 
basin  or  beaker,  and  0*6  c.c.  of  potassium  chromato  solution  added.  The 
standard  silver  nitrate  solution  is  then  run  in  cautiously  from  a  burette, 
until  the  red  colour  of  the  precipitated  silver  chromate,  which  is  always 
observed  at  the  point  where  the  silver  solution  drops  in,  is  no  longer  entirely 
discharged  on  stirring.  The  burette  is  then  read  off.  It  is  best  to  repeat  the 
experiment,  as  follows : — Add  a  few  drops  of  dilute  sodium  chloride  solution  to 
the  water  last  titrated,  which  will  dischari^e  the  red  colour.  Measure  out  a 
fresh  portion  of  the  water  to  be  titrated  into  another  basin,  and  repeat  the 
titration,  keeping  the  first  sample,  the  colour  of  which  has  been  discharged, 
side  by  side  with  the  second,  so  as  to  observe  the  first  permanent  indication 
of  difference  of  colour.  If  the  quantity  of  chlorine  be  so  small  that  still 
greater  accuracy  is  necessary,  the  titration  may  be  conducted  in  the  same  way 
as  last  described,  but  instead  of  the  operator  looking  directly  at  the  water 
containing  the  chromate  solution,  he  may  place  between  the  b«sin  containing 
the  water  and  his  eye,  a  flat  glass  cell  containing  some  water  tinted  with  the 
chromate  solution  to  the  same  tint  as  the  water  which  is  being  tested,  or  may 
look  through  a  glass  coated  with  a  gelatine  film  coloured  with  the  same  salt 
(see  §  44),  Care  must  always  be  taken  that  the  water  is  as  nearly  neutral 
as  iwssible  before  titration.     If  originally  acid,  it  should  be  neutralized  with 
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precipitated  calcium  carbonate.  If  the  proportion  of  chlorine  be  less  than 
0*5  grain  per  f^Uon,  it  is  desirable  to  talie  a  larger  quantity  of  the  water,  pay 
260  u.c,  for  the  estimation,  and  to  concentrate  this  quantity  on  the  water  bath 
before  titrating  it,  so  as  to  bring  it  to  about  100  c.c.  This  titration  may  be 
performed  by  gas-light. 

Phosphoric  Acid.— The  ignited  total  residue,  obtained  as  hereafter 
directed,  is  to  be  treated  with  a  few  drops  of  nitric  acid,  and  the  silica  rendered 
insoluble  b^  evaporation  to  dryness.  The  residue  is  then  taken  up  with  a  few 
drops  of  dilute  nitric  acid,  some  water  is  added,  and  the  solution  is  filtered 
through  a  filter  previously  washed  with  dilute  nitric  acid.  The  filtrate,  which 
should  measure  about  3  c.c.  is  mixed  with  3  c.c.  of  molybdic  solution,  gently 
warmed,  and  set  aside  for  fifteen  minutes,  at  a  temperature  of  80^  F.  The 
result  is  reported  as  *'  traces,"  "  heavy  traces,"  or  **  very  heavy  traces,"  when  a 
colour,  turtudity,  or  deAmtt  precipitate,  are  respectively  produced,  after  standing 
for  fifteen  minutes.    Another  method  is  given  on  page  453. 

Nitrogen  in  Nitrates.— This  may  be  determined  by  one  of  the 
following  processes:  viz.,  CruMy  Copper-xinc  Couple,  or  Aluminium,  or  the 
colori  metric  phenol  method  may  be  used  as  described  in  §  71.8.  The  indigo 
method  is  only  available  for  approximate  results.  Analysts  should  report  which 
process  is  employed. 

Crum  Method.— This  is  described  on  page  443,  or  it  may  be  carried  out 
in  a  Lunge's  nitrometer  as  follows: — 250  c.c.  of  the  water  must  be  con- 
centrated in  a  basin  to  2  c.c.  measure.  A  Lunge's  nitrometer  is  charged 
with  mercury,  and  the  three-way  stop-cock  closed,  both  to  measuring  tube 
and  waste  pipe.  The  concentrated  filtrate  is  poured  into  the  cup  at  the  top 
of  the  measuring  tube,  and  the  vessel  which  contained  it  rinsed  with  1  c.c.  of 
water,  and  the  contents  added.  The  stop-cock  is  opened  to  the  measuring  tube, 
and,  by  lowering  the  pressure  tube,  the  liquid  is  drawn  out  of  the  cup  into  the 
tube.  The  basin  is  again  rinsed  with  5  c.c.  of  pure  strong  sulphuric  acid,  and 
this  is  also  transferred  to  the  cup  and  drawn  into  the  measuring  tube.  The 
stop-cock  is  once  more  closed,  and  12  c.c.  more  sulphuric  acid  put  into  the  cup, 
and  the  stop-cock  opened  to  the  measuring  tube  until  10  c.c.  of  acid  have  passed 
in.  The  excess  of  acid  is  discharged,  and  the  cup  and  waste  pipe  rinsed  with 
water.  Any  gas  which  has  collected  in  the  measuring  tube  is  expelled  by 
opening  the  stop  cock  and  rinsing  the  pressure  tube,  taking  care  no  liquid 
escapes.  The  stop-cock  is  closed,  the  iiieasuriug  tube  taken  from  its  clamp  and 
shaken  by  bringing  it  slowly  to  a  nearly  horizontal  position,  and  then  suddenly 
raising  it  to  a  vertical  one.  This  shaking  is  continued  until  no  more  gas  is  given 
off,  the  operation  being,  as  a  rule,  complete  in  fifteen  minutes.  Now  prepare  a 
mixture  of  one  part  of  water  with  five  parts  of  sulphuric  acid,  and  let  it  stand 
to  cool.  After  an  hour,  pour  enough  of  this  mixture  into  the  pressure  tube  to 
equal  the  length  of  the  column  of  acidulated  water  in  the  working  tube,  bring 
the  two  tubes  side  by  side,  raise  or  lower  the  pressure  tube  until  the  mercury  is 
of  the  same  level  in  both  tubes,  and  read  off  the  volume  of  nitric  oxide  (for 
calculation  of  nitrogen  see  page  268).  This  volume,  expressed  in  c.c.'s  and 
corrected  to  normal  temperature  and  pressure,  gives,  when  multiplied  by  0'176, 
the  nitrogen  in  nitrates,  in  grains  per  gallon,  if  250  c.c.  of  the  water  have 
been  used. 

Copper  zinc  Couple  Method  (already  described  on  page  446). 

Aluminium  Method.— This  is  carried  out  as  follows: — 50  c.c.  of  the 
water  are  introduced  into  a  retort,  and  50  c  c.  of  a  10  per  cent,  solution 
of  caustic  soda,  free  from  nitrates,  added.  If  necessary,  the  contents  of 
the  retort  should  be  distilled  until  the  sample  is  free  from  ammonia.  The 
retort  is  then  cooled,  and  a  piece  of  aluminium  foil  introduced  into  it.  The  neck 
of  the  retort  is  inclined  upwards,  and  its  mouth  closed  with  a  perforated  cork, 
through  which  passes  the  narrow  end  of  a  small  chloride  of  calcium  tube  filled 
with  powdered  pumice  or  glass  beads  wetted  with  very  dilute  hydrochloric  acid 
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free  from  ammonia.  This  tube  is  oonnected  with  a  second  tube  containing 
pumice  stone  moistened  with  strong  sulphuric  acid,  which  serves  to  prevent  any 
ammonia  from  the  air  entering  the  apparatus,  which  is  allowed  to  stand  in  this 
way  for  a  few  hours  or  overnight.  The  contents  of  the  first  absorption  tube — 
that  next  the  retort — v^  washed  into  the  retort  with  a  little  distilled  water  free 
from  ammonia,  and  the  retort  adapted  to  a  condenser.  The  contents  of  the 
retort  are  distilled  to  about  half  their  original  volume.  The  distillate  is 
collected,  and  an  aliquot  part  Nesslerised ;  and,  if  necessary,  the  rest  of  the 
distillate  is  diluted,  and  an  aliquot  part  again  Nesslerized  as  hereafter  directed. 

Indigk)  Mbthod.— An  elaborate  series  of  experiments  madeby  Warington 
upon  this  method  were  described  in  a  former  edition  of  this  book;  but 
experience  has  shown  that  the  only  method  by  which  it  can  be  made  serviceable 
in  the  case  of  waters  is  to  have  a  solution  of  indigo  carmine  of  good  quality, 
which  b  standardized  upon  a  very  weak  solution  of  potassium  nitrate.  In  this 
manner  very  fair  results  may  be  obtained,  but  it  must  always  be  remembered 
that  the  process  is  only  accurate  with  moderate  proportions  of  nitrates,  therefore 
any  water  containing  a  large  amount  of  nitrates  should  be  diluted  wiUi  distilled 
water. 

Standabdizino  the  Indigo. — 10  c.c.  of  the  standard  nitrate  (p.  471)  are 
run  into  a  thin  flask  holding  about  150  c c,  then  10  c.c.  of  indigo.  20  c.c.  of 
sulphuric  acid  are  then  quickly  added  from  a  graduated  measure,  and  a  rotary 
motion  given  to  the  flask  to  mix  the  liquids— the  flask  is  then  quickly  held  over 
a  spirit  lamp  or  small  gas  burner  to  maintain  the  heat. 

Jf  the  indigo  is  at  once  decolorized,  more  is  run  in  with  constant  heating, 
until,  after  heating  for  about  thirty  seconds,  a  persistent  greenish  colour  is 
apparent.  Prom  the  number  of  c.c.  of  indigo  decolorized  the  necessary  degree  of 
dilution  is  calculated,  and  must  always  be  made  with  the  five  per  cent,  sulphuric 
acid,  and  not  ^ith  plain  water.  Fresh  trials  are  made  in  the  same  manner  until 
the  strength  of  the  indigo  is  accurately  determined. 

Method  of  Pbocedure  for  Nitrates  \v  Water. — A  trial  titration 
is  first  made  by  taking  10  c.c.  of  the  water,  adding  indigo,  then  strong  sulphuric 
acid  in  volume  equal  to  the  united  volumes  of  indigo  and  water,  and  heating 
exactly  as  in  standardizing  the  indigo.  This  first  titration  will  show  how  much 
the  water  under  examination  must  be  diluted,  so  that  it  may  contain  nitric  acid 
approximately  equal  to  the  ^/looo  potassium  nitrate.  After  the  water  has  been 
diluted  with  distilled  water  free  from  nitrates  or  nitrites,  fresh  titrations  are  made 
as  before  described  until  the  exact  number  of  c.c.  of  indigo  decolorized  by  10  c.c. 
of  the  diluted  water  is  known.  In  all  cases  it  is  important  to  work  to  the  same 
shade  of  greenish  colour,  after  heating  for  thirty  seconds,  as  was  obtained  in  the 
original  standardizing  of  the  imligo.  The  colour  of  the  oxidized  indigo  by 
itself  should  be  a  clear  yellow. 

Ammonia,  Free  and  Saline. — The  estimation  of  ammonia  present 
in  the  water  in  a  free  or  saline  form,  and  of  that  yielded  by  the  nitrogenous 
matter  i)resent  in  the  water  (commonly  called  albuminoid  ammonia)^  is  to  be 
made  on  the  same  portion  of  the  sample  to  be  analyzed. 

Take  not  less  than  500  c.c.  of  the  water  for  these  determinations,  and  distil  in 
a  40-oz.  8topj)ered  retort,  which  is  large  enough  to  prevent  the  probability  of 
portions  of  the  water  being  spirted  over  into  the  condenser.  The  ne<ik  of  the 
retort  .should  be  small  enough  to  pass  three  or  four  inches  into  the  internal  glass 
tube  of  n  Liebig's  condenser.  If  the  fit  between  the  retort  and  the  inside  tube 
of  the  condenscT  is  good,  the  joint  may  be  made  by  wrapping  a  small  piece  of 
washed  tinfoil  round  the  retort  tube  so  as  to  pass  just  inside  the  mouth  of  the 
condenser  tube.  Many  analysts  prefer,  however,  to  work  with  a  retort  fitting 
loosely  into  the  condenser ;  and  in  such  cases,  the  joint  between  the 
two  may  be  made  in  one  of  the  two  following  ways: — (1)  Either  by 
an  ordinary  india-rubber  ring — which  has  been  previously  soaked  in  a  dilute 
solution  of  soda  or  potash— being  stretched  over  the  retort  tube  in  such  a 
])ositiou,  that  when  the  retort  tube  is  inserted  in  the  condenser  it  shall  fit  fairly 
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tightly  within  the  mouth  of  the  tube,  about  half-an-inch  from  the  end :  (2) 
Preferably,  when  the  shape  of  the  large  end  of  the  condenser  admits  of  it,  by  a 
short  length,  say  not  more  than  two  inches,  of  large  size  india-rubber  tubing, 
which  has  been  previously  soaked  in  a  dilute  solution  of  soda  or  potash,  being 
stretched  outside  both  retort  tube  and  condenser  tube,  so  as  to  couple  them 
together,  so  that  the  tube  of  the  retort  still  projects  some  inches  into  that  of 
the  condenser.  It  is  Very  desirable  to  have  a  constant  stream  of  water  round 
the  condenser,  whenever  it  can  be  obtained.  Before  distillation,  a  portion  of 
-the  water  must  be  tested  with  phenolphthalein,  in  order  to  ascertain  if  it  shows 
an  alkaline  reaction.  The  portion  so  tested  must,  of  course,  be  rejected,  and  not 
put  Into  the  retort.  If  the  water  does  not  show  an  alkaline  reaction,  a  sufficient 
quantity  of  ignited  sodium  carbonate,  to  render  the  water  distinctly  alkaline, 
must  be  added.  The  distillation  should  then  be  commenced  and  not  less 
than  100  c.c.  distilled  over.  The  receiver  should  fit  closely,  but  not 
air-tight,  on  the  condenser.  The  distillation  should  be  conducted  as  rapidly 
as  is  compatible  with  a  certainty  that  no  spirting  takes  place.  After  100  c.c. 
have  beeti  distilled  over,  the  receiver  should  be  changed,  that  containing 
the  distillate  being  stoppered  to  preserve  it  from  access  of  ammoniacal 
fumes.  100  c.c.  measuring  flasks  make  convenient  receivers.  The  distilla- 
tion must  be  continued  until  50  c.c.  are  distilled  over  ;  and  this  second 
portion  of  the  dbtillate  must  be  tested  with  Nessler's  reagent,  to  ascertain 
if  it  contains  any  ammonia.  If  it  does  not,  the  distillation  for  free  or 
saline  ammonia  may  be  discontinued,  and  this  last  distillate  rejected ;  but  if 
it  does  contain  any,  the  distillation  must  be  continued  still  longer,  until 
a  portion  of  50  c.c,  when  collected,  shows  no  colouration  with  the  Nessler 
test.  The  whole  of  the  distillate^  must  be  Nesslerized  as  follows: — The 
standard  solution  of  ammonia  for  comparison  is  that  given  on  page  471. 
The  distillate  is  transferred  to  a  clean  Nessler  glass,  and  one-twentieth  of  its 
Tolume  of  Nessler  solution  added.  No  turbidity  must  ensue  on  the  addition 
of  the  Nessler  solution  to  the  water,  as  such  turbidity  would  be  a  proof 
that  the  distillate  was  contaminated  by  reason  of  spirting,  and  must  therefore 
be  rejected,  and  the  determination  repeated. 

After  thoroughly  mixing  the  water  and  Nessler  solution  in  the  glass,  an 
approximate  estimate  can  be  formed  of  the  amount  of  ammonia  present,  by 
the  amount  of  colouration  produced  in  the  solution.  It  \^ill  now  be  necessary 
to  mix  one  or  more  standard  solutions  with  which  to  compare  the  tint  thufi 
obtained.  These  solutions  must  be  made  by  mixing  the  standard  solution  of 
ammonium  chloride  with  distilled  water  absolutely  free  from  ammonia,  and 
subsequently  adding  some  of  the  same  Nessler  solution  as  was  previously 
added  to  the  distillate.  This  precaution  is  essential,  because  the  tint  given  by 
different  samples  of  Nessler  solution  varies. 

Albuminoid  Ammonia. — As  soon  as  the  distillation  of  the  free  ammonia 
has  been  started,  the  alkaline  solution  of  permanganate  should  be  measured  out 
into  a  flask,  ready  for  addition  to  the  water  under  examination,  for  the  distillation 
of  the  albuminoid  ammonia.  The  volume  of  the  alkaline  permanganate  solution 
to  be  taken  must  be  at  least  one-tenth  of  that  of  the  water  which  is  being  dis- 
tilled ;  and  should  not  exceed  that  proportion  unless  the  water  is  of  very  bad 
quality,  and  the  solution  must  be  made  in  accordance  with  the  directions 
contained  in  these  instructions.  Tlys  solution  must  be  diluted  with  four  times 
its  own  volume  of  water,  and  must  be  placed  in  a  flask  and  boiled  during  the 
whole  time  that  the  distillation  of  the  sample  for  free  ammonia  is  being  carried 
on,  care  being  taken  that  the  concentration  does  not  proceed  to  too  great  an 
extent.  There  must  be  enough  of  this  boiled  and  diluted  alkaline  permanganate 
solution  to  make  up  the  residue  in  the  retort  to  about  500  c.c.  When  the 
distillation  of  the  sample  of  water  for  free  and  saline  ammonia  is  completed, 
the  alkaline  permanganate  solution,  which  has  been  thus  diluted  and  boiled^  will 
be  ready  for  use,  and  the  distillation  for  albuminoid  ammonia  may  be  proceeded 
with,  as  follows : — 

To  the  residue  left  in  the  retort  from  which  the  free  ammonia  has  been 
distilled,  add  the  alkaline  permanganate  solution   to  make  it  up  again  to  a 
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Tolume  of  at  least  600  c.c  ,  and  the  lamp  being  replaced,  the  distillation  must 
be  continued,  and  successive  portions  of  the  distillate  again  collected  in 
precisely  the  same  way  as  during  the  process  of  distillation  for  free  ammonia. 

After  200  c.c.  or  800  dm.,  say  two-fifths  of  the  volume  contained  in  the 
retort,  have  been  distilled  over,  the  receiver  should  be  changed,  and  further 
portions  of  60  c.c.  collected  separately,  until  the  distillate  is  practically  free  from 
ammonia.  The  distillate  must  then  be  mixed,  and  Nesslerized  in  the  same  way 
as  previously  directed  for  free  ammonia.  The  result  so  obtained  must  be 
calculated  to  ammonia  in  grams  per  liter  or  grains  per  gallon,  and  returned  as 
albumxHoid  ammonia. 

Special  care  must  be  taken  that  the  atmosphere  of  the  room  in  which  these 
distillations  are  performed  is  kept  free  from  ammoniacal  vapours,  and  that  the 
receivers  fit  close,  but  not  air-tight,  to  the  end  of  the  Liebig's  condenser. 
It  is  also  specially  necessary  to  olierve  that  the  colour  of  the  distillate  deepens 
gradually  after  the  addition  of  the  Nessler  reagent,  and  that  it  is  not  possible 
to  read  off  the  amount  of  colour  correctly  until  tne  Nesslerized  liquor  has  stood 
for  at  least  three  minutes,  and  been  intimately  mixed  with  the  Nessler 
solution  (see  also  note,  page  427). 

Special  care  must  be  taken  that  the  retort,  condensers,  receivers,  funnels. 
Nessler  glasses,  etr.,  used  are  all  rendered  perfectly  free  from  ammonia 
before  use.  Where  the  water  in  use  in  the  laboratory  is  good,  this  may  be 
used  to  thoroughly  rinse  the  apparatus  two  or  three  times,  draining  out  the 
adhering  water ;  othenvise  pure  distilled  water  must  be  used,  l^hese  ammonia 
and  albuminoid  ammonia  determinations  should  be  made  as  soon  as  possible 
after  the  water  has  been  received  for  analysis. 

Oxygen  Absorbed. — Two  separate  determinations  have  to  be  mad^,  viz., 
the  amount  of  oxygen  absorbed  during  fifteen  minutes,  and  that  absorbed  during 
four  hours.  Both  are  to  be  made  at  a  temperature  of  80°  F.  (27**  C).  It  is 
most  convenient  to  make  these  determinations  in  12-oz.  stoppered  flasks,  which 
have  been  rinsed  with  sulphuric  acid  and  then  with  water.  Put  250  c.c. 
into  each  flask,  which  must  be  stoppered  and  immersed  in  a  water  bath  or 
suitable  air  bath  until  the  temperature  rises  to  80°  F.  Now  add  to  each 
flask  10  c.c.  of  the  dilute  sulphuric  acid,  and  then  10  c.c.  of  the  standard 
permanganate  solution.  Fifteen  minutes  after  tlie  addition  of  the  per- 
manganate, one  of  the  flasks  must  be  removed  from  the  bath  and  two  or 
three  drops  of  the  solution  of  pot-assium  iodide  added  to  remove  the  pink  colour. 
After  thorough  admixture,  run  from  a  burette  the  standard  solution  of  thio- 
sulphate,  until  the  yellow  colour  is  nearly  destroyed,  then  add  a  few  drops  of 
starch  indicator,  and  contioue  the  addition  of  the  thiosulphate  until  the  blue 
colour  is  just  discharged.  If  the  titration  has  been  properly  conducted,  the 
addition  of  one  drop  of  permanganate  will  restore  the  blue  colour.  At  the 
end  of  four  hours  remove  the  other  flask,  add  potassium  iodide,  and  titrate  with 
thiosulphate,  as  just  described.  Should  the  pink  colour  of  the  water  in  the 
flask  diminish  rapidly  during  the  four  hours,  further  measured  quantities  of 
the  standard  solution  of  pemiiinganate  must  be  added  from  time  to  time  so  as  to 
keep  it  markedly  pink. 

The  thiosulphate  solution  must  be  standardized,  not  only  at  first,  but  (since  it 
is  liable  to  change)  from  time  to  time  in  the  following  way :— To  250  c.c. 
of  pure  redistilled  water  add  two  or  three  drops  of  the  solution  of  potassium 
iodide,  and  then  10  c.c.  of  the  standardized  solution  of  permanganate.  Titrate 
with  the  thiosulphate  solution  as  above  described.  The  quantity  used  will 
be  the  amount  of  thiosulphate  solution  corresponding  to  10  c.c,  as  may 
be,  of  the  standardized  permanganate,  and  the  factor  so  found  must  be  used 
in  calculating  the  results  of  the  thiosulphate  titrations  to  show  the  amount 
of  the  standard  permanganate  solution  used,  and  thence  the  amount  of  oxygen 
absorbed. 

(^ireat  care  should  be  taken  that  absolutely  pure  and  fresh  distilled  water 
is  used  in  standardizing  the  solution,  which  should  also  be  kept  in  the  dark 
and  cool.  It  sutfices  to  compare  the  solution,  if  kept  in  this  way,  once  in 
three  or  four  davs. 
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The  amount  of  thiosulphate  solution  thus  found  to  be  required  to  combine 
with  the  iodine  liberated  by  the  permanganate  left  undeoomposed  in  the  water 
is  noted  down,  and  the  calculation  made  ai  follows :— Let  A —amount  of  thio- 
sulphate used  in  distilled  water,  and  B»that  used  for  water  under  examination. 
Then  A  expresses  the  amount  of  permanganate  added  to  the  water  under  examina- 
tion, and  B  the  amount  of  permanganate  in  excess  of  that  which  the  organic 
matter  in  the  water  has  destroyed.  Therefore  A— B  is  the  amount  actually 
consumed.  If  the  amount  of  available  oxygen  in  the  quantity  of  permanganate 
originally  added  be  o,  the  oxygen  required  to  oxidize  the  organic  matter  in 

the  water  operated  on  would  be  ^  ^'  But  a  (available  oxygen  in  the 
XO  c.c.  of  standard  permanganate  used)  =0001.    Therefore,       "    =* 

A. 

oxygen  for  250  c.c. ;  or,    =  parts  of  oxygen  required  for  100,000  parts 

of  water.  Or,  in  other  words,  the  difference  between  the  quantity  of  thio- 
sulphate used  in  the  blank  experiment  and  that  used  in  the  titration  of  the 
samples  of  water  multiplied  by  the  amount  of  available  oxygen  contained  in  the 
permanganate  added,  and  the  product  divided  by  the  volume  of  thiosulphate 
corresponding  to  the  latter,  is  equal  to  the  amount  of  oxygen  absorbed  by 
the  water. 

Hardness  before  and  after  Boiling.— Place  100  c.c.  of  the 
water  in  an  accurately  stoppered  8-oz.  bottle.  Bun  in  the  soap  solution 
from  a  burette  in  small  quantities  at  a  time.  If  the  water  be  soft,  not  more 
than  i  c.c.  at  a  time  ;  if  hard,  in  quantities  of  1  c.c.  at  first.  After  each 
addition,  shake  the  bottle  vigorously  for  about  a  quarter  of  a  minute.  As 
soon  as  a  lather  b  produced,  lay  the  bottle  on  its  side  after  each  addition,  and 
observe  if  the  lather  remains  permanent  for  five  minutes.  To  ascertain  this, 
at  the  end  of  five  minutes  roll  the  bottle  half-wa^  round;  if  the  lather  breaks 
instead  of  covering  the  whole  surface  of  the  water  it  is  not  permanent ;  if  it  still 
covers  the  whole  surface  it  is  permanent ;  now  read  the  burette. 

Repeat  the  experiment,  adding  gradually  the  quantity  of  soap  solution 
employed  in  the  first  exoeriment,  less  about  2  c.c;  shake  as  before,  add 
doap  solution  very  gradually  till  the  permanent  lather  is  formed;  read  the 
burette,  and  take  out  the  corresponding  hardness  from  the  table.  If  magnesian 
salts  are  present  in  the  water  the  character  of  the  lather  will  be  very  much 
jmodified,  and  a  kind  of  scum  (simulating  a  lather)  will  be  seen  in  the  water 
before  the  reaction  is  completed.  The  character  of  this  scum  must  be  carefully 
watched,  and  the  soap  test  added  more  carefully,  with  an  increased  amount  of 
shaking  between  each  addition.  With  this  precaution  it  will  be  comparatively 
easy  to  distinguish  the  point  when  the  false  lather  due  to  the  magnesian  salt 
ceases,  and  the  true  persistent  lather  is  produced. 

If  the  water  is  of  more  than  16°  of  hardness,  mix  50  co.  of  the  sample 
with  an  equal  volume  of  recently  boiled  distilled  water  which  has  been  cooled  in 
a  closed  vessel,  and  make  the  determination  on  this  mixture  of  the  sample  and 
distilled  water.  In  this  case  it  will,  of  course,  be  necessary  to  multiply  the 
figures  obtained  from  the  table  by  2 

To  determine  the  hardness  after  boiling,  boil  a  measured  quantity  of  the  water 
in  a  flask  briskly  for  half  an  hour,  adding  distilled  water  from  time  to  time  to 
make  up  for  loss  by  evaporation.  It  is  not  desirable  to  boil  the  water  under  a 
vertical  condenser,  as  the  dissolved  carbonic  acid  is  not  so  freely  liberated.  At 
the  end  of  half  an  hour,  allow  the  water  to  cool,  the  mouth  of  the  flask  being 
closed ;  make  the  water  up  to  its  original  volume  with  recently  boiled  distilled 
water,  and,  if  possible,  decant  the  quantity  necessary  for  testing.  If  this  cannot 
be  done  quite  clear,  it  mu^t  be  filtered.  Conduct  the  test  in  the  same  manner 
as  described  above. 

The  hardness  is  to  be  returned  in  each  case  to  the  nearest  half-degree. 

Total  Solid  Matters.— Evaporate  250  c.c.  in  a  weighed  pktinum  diah 
on  a  water  bath ;  dry  the  residue  at  220°  F.  (104°  C),  and  cool  under  a 
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desiccator.  Weigh  the  dish  containing  the  residue  accurately,  and  note  its 
colour  and  appearance,  and  especially  whether  it  rapidly  increases  in  weight. 
Return  to  the  water  bath  for  half  and  hour  and  re- weigh  until  it  ceases  to 
lose  weight,  then  gradually  heat  it  to  redness,  and  note  the  changes  which 
take  plaice  during  this  ignition.  Especially  among  these  changes  should 
be  observed  the  smell,  scintillation,  change  of  colour,  separation  of  more  or  less 
carbon,  and  partial  fusion,  if  any.  The  ignited  residue  is  to  be  used  for  the 
estimation  of  phosphoric  acid,  as  before  directed. 

Method  of  Procedure  for  Mossy  or  Peaty  Waters. 

R.  R.  Tatlock  and  R.  T.  Thomson  have  contributed  a  paper  on 
this  subject  (/.  S,  C.  /.  xxiii.  428)  and  the  following  is  a  portion 
of  it : — 

Chlobides. — The  determination  of  these  seldom  presents  any  difficulties, 
the  titration  with  standard  silver  nitrate,  and  the  employment  of  potassium 
chromate  as  indicator,  being  usually  sufficient.  Difficulties  arise,  however, 
when  we  have  to  deal  with  mossy  or  peaty  waters  and  with  waters  containing 
acids  or  iron  salts.  With  mossy  waters,  which  are  also  sometimes  acid,  we  have 
found  the  best  mode  of  dealing  to  consist  in  adding  some  calcined  magnesia 
(niagnesium  oxide)  to  a  portion  (not  necessarily  measured)  of  the  water,  and 
agitating  thoroughly  for  a  few  minutes.  In  this  way,  acid,  if  present,  is 
neutralized,  and  the  mossy  or  peaty  matter  is  precipitated'  and  removed  from 
solution,  while  the  magne!<ia  remains  practically  insoluble.  All  that  is  then 
necessary  is  to  filter  through  a  dry  filter,  and  titrate  a  portion  of  the  discolorized 
water  with  standard  silver  nitrate. 

Acid  waters  are  treated  with  magnesia  as  just  described,  and  so  are  waters 
containing  iron,  but  in  the  latter  case  a  few  drops  of  hydrogen  peroxide  should 
be  added  in  order  to  convert  any  ferrous  compounds  into  the  ferric  condition. 
The  magnesia  then  removes  the  iron  wholly,  and  it  only  remains  to  filter  the 
mixture  and  estimate  the  chlorides  in  the  solution  as  before. 

NiTBATES  AND  NiTBiTEs.— The  determination  of  nitrates  in  a  water  is  in 
our  opinion  one  of  the  greatest  importance,  at  least  in  the  case  of  water 
intended  for  dietetic  purposes,  and  therefore  an  accurate  and  speedy  method 
is  of  great  value.  We  have  come  to  the  conclusion  that,  when  properly 
adapted,  the  phenol-sulphonic  acid  method  (p.  268)  is  decidedly  the  most 
handy  and  reliable.  In  natural  waters,  however,  there  are  two  ingredients 
which  are  fatal  to  a  correct  determination  of  nitrates,  namely,  organic  matters, 
especially  the  brown  mossy  or  peaty  organic  matter,  which  is  so  often  present  in  the 
waters  we  are  familiar  with  in  Scotland,  and  the  chlorides  of  magnesium  and 
sodium.  For  the  removal  of  organic  colouring  matters,  such  as  is  found  in 
mossy  waters,  there  is  nothing  superior  to  agitation  with  calcined  magnesia  as 
already  described  under  the  determination  of  chlorine.  We  have  found  that 
when  chlorine  is  present  to  the  extent  of  3*5  grs.  per  gallon  (5  parte  per  100,000) 
of  chloride  of  sodium,  only  about  60  per  cent,  of  the  whole  is  obtained,  and 
when  21  grs.  per  gallon  (30  parts  per  100,0>  0)  are  present,  only  about  34  per 
cent,  is  obtained.  These  proportions  are,  however,  only  roughlpr  approximate, 
as  we  have  found  that  the  results  in  presence  of  the  same  proportion  of  chlorides 
are  somewhat  erratic.  In  order  to  obviate  this  adverse  influence  of  the 
chlorides,  Mason  recommends  the  use  in  the  standard  of  the  same  proportion 
of  chlorides  as  is  present  in  the  water  being  tested,  so  as  to  counterbalance  their 
influence ;  but  owing  to  the  somewhat  erratic  eflect  of  the  chlorides  we  came  to 
the  conclusion  that  it  would  be  more  satisfactory  to  remove  tbem  entirely.  For 
this  purpose  we  have  applied  and  adapted  the  method  which  is  employed  for  the 
removal  of  chlorides  from  crude  glycerine  in  testing  the  strength  of  that  article 
by  the  bichromate  method.  This  consists  in  agitating  the  sample  with  excess 
of  silver  oxide,  which  removes  the  chlorine  in  the  form  of  silver  chloride. 
When  treated  in  this  way,  however,  a  considerable  proportion  of  silver  remained 
in  solution,  apparently  as  oxide,  and  this  was  deposited  on  evaporation  of  the 
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filtrate  to  dryness  for  treatment  with  phenol-sulphouic  acid,  which  soon  converted 
the  brown  silver  oxide  into  sulphate.  The  silver  compound  seemed  to  have  the 
rather  unexpected  effect  of  lowering  the  result  for  nitrates,  although  not  nearly 
to  the  same  extent  as,  say,  3  grs.  of  sodium  chloride  per  gallon.  We  were  thus 
compelled  to  work  with  a  limited  supply  of  silver  oxide,  adding  just  enough  to 
convert  all  the  chlorides  into  silver  chloride,  this  being  determined  by  the  usual 
volumetric  method.  When  this  was  carried  out  the  exact  proportion  of  nitrates 
present  was  obtained,  but  considerable  difficulty  was  experienced  in  obtaining 
a  clear  filtrate,  as  traces  of  silver  chloride  passed  through  the  filter.  This 
difficulty  was  also  overcome  by  the  use  of  a  little  aluminium  sulphate  followed 
by  calcined  magnesia.  The  final  method  adopted  was  therefore  as  follows : — 
100  to  200  c.c.  of  the  water  are  treated  with  enough  silver  oxide,  in  a  fine  state 
of  division,  to  decompose  the  chlorides,  the  proportion  of  which  had  been 
previously  ascertained.  After  agitating  thoroughly,  a  little  aluminium  sulphate 
(say  about  0"1  gr.)  is  dissolved  in  the  mixture,  then  excess  of  calcined  magnesia 
is  added,  and  the  agitation  continued  for  a  minute  or  two.  In  this  way  the 
chlorides  and  organic  matter  are  entirely  precipitated,  and  are  then  filtered  off 
through  a  dry  filter,  when  the  filtered  solution  will  be  found  as  free  from  colour 
as  distilled  water.  A  portion  of  the  filtrate  (50  to  100  c.c.)  is  now  evaporated 
to  dryness  over  an  open  water-bath,  and  the  residue  tested  for  nitrates  by  the 
well-known  phenol-sulphonic  acid  method.  A  number  of  test  experiments 
showed  that  in  every  case  the  whole  of  the  nitrates,  added  to  a  water  containing 
comparatively  large  proportions  of  chlorides  and  organic  matter,  was  obtained 
by  this  method  of  determination. 

The  next  point  which  arose  for  consideration  was  the  effect  of  nitrites  on  this 
determination,  but  it  was  clearly  shown  that  this  was  almost  nil,  or  that  their 
presence  only  slightly  raised  the  proportion  of  nitrates.  This  fact  suggested  to 
us  the  idea  of  applying  the  phenol-sulphonic  acid  method  to  the  determination 
of  nitrites  also,  provided  these  could  be  readily  converted  into  nitrates.  The 
ideal  reagent  was  soon  found  in  hydrogen  peroxide,  which  suits  admirably  for 
the  purpose  in  view.  To  determine  the  nitrites,  therefore,  it  is  only  necessary 
to  remove  the  chlorine  from,  and  render  colourless,  a  quantity  of  the  water  to 
be  tested,  exactly  in  the  manner  just  described.  In  such  dilute  solutions  as 
generally  occur  in  waters  there  is  no  danger  of  any  nitrite  being  precipitated 
by  the  silver  compound.  A  portion  of  the  treated  water  is  tested  for  nitrates, 
and  to  an  equal  portion  there  is  added  a  little  hydrogen  peroxide,  and  the 
mixture  evaporated  to  dryness.  The  nitrites  which  existed  in  the  water  are 
now  present  in  the  residue  in  the  form  of  nitrate,  and  it  only  remains  to  apply 
the  phenol-sulphonic  test,  then  subtract  the  nitrates  actually  present  in  the 
water  as  such  from  the  total  nitrates  now  obtained,  and  calculate  the  remainder 
to  nitritei",  or  to  bring  these  compounds  to  nitric  and  nitrous  nitrogen 
respectively.  Of  course  it  would  be  advisable  to  make  certain  of  the  presence 
of  nitrites  by  one  of  the  well-known  colour  tests  for  these  compounds. 

Microscopical  Examination  of  Deposit.— The  most  convenient 
plan  of  collecting  the  deposit  is  to  place  a  circular  microscopical  covering 
glass  at  the  bottom  of  a  large  conical  glass  holding  about  20  oz.  The  glass 
should  have  no  spout,  and  should  be  ground  smooth  on  the  top.  After  shaking 
up  the  sample,  this  vessel  is  filled  with  the  water,  covered  with  a  plate  of  ground 
glass,  and  set  aside  to  settle.  After  settling,  the  supernatant  water  is  drawn  off 
by  a  fine  8}i)hon,  and  the  glass  bearing  the  deposit  lifted  out,  either  by  means 
of  a  platinum  wire  (which  should  have  been  previously  passed  under  it),  or  in 
some  other  convenient  way,  and  inverted  on  to  an  ordinary  microscopical  slide 
for  examination.  It  is  desirable  to  examine  the  deposit  first  by  a  ^th  and  then 
by  a  Hh  objective.  The  examination  should  be  made  as  soon  as  the  water  has 
stood  overnight.  If  the  water  be  allowed  to  stand  longer,  organisms  peculiar  to 
stagnant  water  may  be  developed  and  mislead  the  observer.  Particular  notice 
should  be  taken  of  bacteria,  infusoria,  ciliata  or  flagellata,  disintegrated  fibres  of 
cotton,  or  linen,  or  epithelial  (Uhris. 

It  is  particularly  desirable  to  report  clearly  on  this  microscopical  examination ; 
not  merely  giving  the  general  fact  that  organisms  were  present,  but  stating  as 
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specifically  as  po»t)ible  the  names  or  classes  of  the  organisms,  so  that  more  data 
may  be  obtained  for  the  application  of  the  examination  of  this  deposit  to  the 
characters  of  potable  waters. 

It  is  also  desirable  to  examine  the  residue  left  on  a  glass  slide  by  the  evapora- 
tion of  a  single  drop  of  the  water.  This  residue  is  generally  most  conveniently 
examined  without  a  covering  gla^s.  The  special  appearances  to  be  noticed  are 
the  presence  or  absence  of  particles  of  organic  matter,  or  organized  structure, 
contained  in  the  crystillized  forms  which  may  be  seen ;  and  also  whether  any 
part  of  the  residue  left,  especially  at  the  edges,  is  tinted  more  or  less  with  green, 
brown,  or  yellow. 

The  Ejeldahl  Method  for  Organic  Nitrogen  in  Waters 

and  Sewage. 

This  method  has  heen  used  hy  Drown  and  Martin  (C.  X.  lix. 
272)  with  apparent  success.  These  opemtors  found  that  the  presence 
of  nitrates  and  nitrites,  as  occurrinj^  in  ordinary  watei*s,  did  not 
interfere  with  the  accurate  estimation  of  the  orj^anic  nitrogen, 
probably  owing  to  the  state  of  dilution  occurring  in  waters.  The 
accuracy  of  the  method  was  tested  by  known  weights  of  ammonia, 
urea,  uric  acid  and  naphthylamine,  but  no  comparison  of  the  results 
with  waters  was  made  side  by  side  with  the  combustion  metliod. 

Mkthod  of  Phockdure:  500  c.c.  of  the  water  are  i>oured  into  a  round- 
bottomed  flask  of  about  900  c.c.  capacity,  and  boiled  until  2C0  c.c.  have  been 
distilled  off.  The  free  ammonia  which  is  thus  expelled  may,  if  desired,  be 
determined  by  connecting  the  flask  with  a  condcikser.  To  the  remaining  water 
in  the  flask  is  added,  after  cooling,  10  c.c.  of  pure  concentrated  sulphuric  acid. 
After  shaking,  the  flask  is  placed  in  an  in<lined  position  on  wire  gauze,  on  a 
riugstand,  or  other  convenient  support,  and  boiled  cautiously,  in  a  good-drawing 
hood,  until  all  the  water  is  driven  off  and  the  concentrated  sulphuric  acid  is 
white  or  a  very  pale  yellow.  The  flask  is  then  removed  from  the  flame,  and  a 
ver}'  little  powdered  permanganate  added  until,  on  shaking,  the  liquid  acquires 
a  green  colour,  showing  that  an  excess  of  the  permanganate  has  been  added. 
Should  the  colour  be  purple  inste-ul  of  green,  it  shows  that  the  water  has  not  all 
been  driven  off.  After  cooling,  2W  c.c.  of  water  free  from  ammonia  are  added, 
the  neck  of  the  flask  being  washed  free  from  acid,  and  then  100  cc.  of  sodium 
hydrate*  solution.  The  flask  is  immediately  connected  with  the  condenser,  and 
then  shaken  to  mix  tlio  content**. 

The  distillation  at  the  start  is  conducted  rather  slowly,  and  the  first  CO  c.c. 
are  condensed  in  very  dilute  hydrochloric  acid.  The  contents  of  the  flask  may 
then  be  boiled  more  rai)idly  until  150  c.c.  to  175  c.c.  have  altogether  been 
collected.  The  total  distillate  is  mide  up  to  250  c.c.  with  water  free  from 
ammonia,  well  mixed,  and  50  c.c.  taken  for  Xesslerization.  No  serious  difticulty 
has  been  encountered  from  bumping  when  boiling  the  alkaline  solution.  The 
use  of  metallic  zinc  in  the  flask  to  facilitate  the  boiling  is,  of  course,  inadmissible, 
on  account  of  the  reduction  of  nitrates  and  nitrites,  should  they  be  present,  to 
ammonia. 

Before  beginning  a  determination  the  water  in  the  flask  is  boiled  until  the 
distillate  shows,  on  Nes^lerization,  that  the  apparatus  is  completely  free  from 
ammonia.  Into  the  flask  which  receives  the  distillate  there  is  put  1  c.c.  of  the 
dilute  hydrochloric  acid  and  50  c.c.  of  water.  The  delivery  tube  dips  into 
this  liquid  only  during  the  collection  of  the  first  50  c.c.  of  the  distillate.  The 
flask  is  then  lowered,  so  that  the  tube  remains  above  the  liquid  for  the  remaining 
time  of  the  distillation. 

•  The  sodium  hydrate  sohitiou  ih  made  by  dissolviuf^  JIO  gui.  of  commercial  caustic  soda 
of  ftood  quality  in  r25  liters  of  distilled  wat-er,  adding  2  gm.  of  potassium  permaiiKiiuate, 
and  boiling  down  to  somewhat  less  than  a  liter.  When  cold,  the  solution  is  made  up  to 
a  liter.  The  addition  of  the  i>ermanganate  is  to  oxidize  any  organic  matter  which  may  be 
present  in  the  caustic  soda. 

I    I 
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In  carrying  out  the  operation,  tbe  inoet  scriipulou)'  cue  must  be  obserred  in 


t  without  interruption,  and  for  every  delermi nation,  o 
dGterminations,  a  blank  analysis  witb  amTaonia^free  water  should  be  nude  for 
a  correction  for  the  ammania  in  the  reagents  ueed  in  the  process. 

Tlie  Kjeldahl  process  is  in  my  oi>inion  much  better  adapted  for 
estimation  of  oi^ntc  uttrogen  in  sewages  than  in  ordinary  natcrs. 
50  or  100  C.C.,  rendered  alkaline,  are  first  boiled  to  drive  off  free 
or  sahne  aniDionia,  then  concentrateil  to  near  dryness  after  slight 
acidification  with  sulphuric  acid.  Pjiially  10  c.c.  of  concentrated 
acid  added,  and  the  process  carried  out  in  the  usual  way. 


g  101.  The  necessary  apparatus  and  standard  solutions  forcarrying 
out  this  estimation  are  described  in  g  72  (itage  275),  t<^ther  with 
the  methods  of  manipnlation,  but  another  method  has  been  adopted 
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with  respect  to  sewage  effluents  or  polluted  waters  by  which  a  largo 
number  of  examinations  can  be  carried  on  in  a  day.  It  depends 
ujvon  the  same  principle  as  Schiitzenberger  and  Roscoe  and 
Lunt's  methods,  §  72. 

The  apparatus  and  standard  solutions  are  described  by  W.  Nay  lor  (C.  N, 
Ixxxv.  259).  The  apparatus  itself  is  shown  in  fig.  69.  The  method  was  devised 
by  B.  W.  Gerland,  and  is  used  by  Naylor  in  the  laboratory  of  the  Ribble 
Joint  Water  Committee. 

The  method  is  not  applicable  to  river-side  estimations  nor  sufficiently  easy  for 
single  estimations,  but  it  has  been  found  very  serviceable  for  the  work  of 
a  station  where  a  great  niunber  of  samples,  say  40  or  50,  have  to  be  examined  in 
one  day.  Its  principle,  as  described  by  Gerland  (J.  H.  C.  I.  xv.  15;  xviii.  340) 
is  the  reduction  of  indigo  by  sodium  hyposulphite,  and  this  is  now  brought  into 
daily  quantitative  use  owing  to  the  accessibility  of  pure  indigo,  and  the  tedious 
I»roce%  of  standardizing  against  aerated  water  avoided. 

The  pure  indigotine,  obtainable  from  the  Badische  Works  or  other  sources, 
after  washing  with  water  and  hydrochloric  acid  and  alcohol,  and  treating  with 
a  solution  of  persulphate  of  ammonia  in  acid  solution,  will  be  found,  after 
reduction,  to  require  the  theoretical  amount  of  ox3'gen  for  oxidation. 

In  examining  a  sample  of  water,  the  four-necked  Woulff's  bottle,  H,  is  first 
charged  with  a  small  quantity,  about  50  to  100  c.c,  of  tap  water  by  means  of 
the  thistle  funnel,  H,  and  a  stream  of  coal-gas  which  has  been  passed  through 
a  heated  copper  tube,  filled  with  cop]>er  turnings,  is  sent  also  into  the  bottle  via 
the  tube  K  and  out  by  water  seal  n. 

A  branch,  f,  from  the  tube  e  conveys  some  of  this  de-oxidized  goal-gas  to  top 
of  hyposulphite  reservoir,  a,  and  burette  c.  Into  the  water  in  the  bottle  are 
now  run  one  or  two  c.c.  of  indigo  solution,  and  these  are  reduced  exactly  by 
hyposulphite  from  the  burette  c,  which  burette  is  charged  from  time  to  time  by 
means  of  the  tube  B,  having  clip  at  Q.  With  the  indigo  reduced  in  the 
Woulf  f 's  bottle,  the  liquid  will  remain  a  pale  straw-colour  if  the  atmosphere  is 
oxygen  free,  and  as  soon  as  this  is  the  case  the  hyposulphite  is  standardized 
against  the  indigo  solution. 

After  standardizing,  the  contents  of  the  bottle  are  at  neutral  tint,  and  about 
100  c.c.  of  the  sample  under  examination  are  passed  in  by  means  of  the  thistle 
funnel,  m,  provided  with  ta]>,  and  the  quantity  of  hyposulphite  required  noted,  as 
a  guide.  It  is  im^tortant  that  the  funnel  dip  right  into  the  liquid  to  prevent 
any  yield  of  oxygen  to  the  atmosphere  of  coal-gas. 

With  the  contents  at  neutral  tint  after  discovering  the  hyposulphite  required 
for  100  c.c.  of  tample,  a  little  under  two  and  a  half  times  this  amoimt  of 
hyposulphite  is  now  run  into  the  bottle,  and  then  250  c.c.  of  the  sample. 
A  faint  blue  colour  is  produced,  and  this  is  removed  by  the  addition  of  a  drop  or 
two  of  hyposulphite  and  the  total  for  the  250  c.c.  of  sample  entered. 

Any  number  of  samples  can  be  done  in  succession,  the  bottle  being  drawn  off 
as  necessary  by  means  of  the  tube  o  and  clip  T. 

The  following  are  twd  examples,  the  first  of  which  was  found  to  be  in  agree- 
ment with  standard  aerated  water  as  per  table  of  Roscoe  and  Lunt,  and 
also  with  a  eudiometric  estimation  after  boiling  from  a  completely  filled  flask 
and  running  in  warm  mercury : — 

10  c.c.   indigo  solution  (neutralized  with  sodium  bicarbonate  before  use) 

recjuired  24*5  c.c.  hyposulphite. 
Indigo  solution  contained  8*821  gm.  indigotine  per  liter. 
1  c.c.  indigo  solution  contained  available  oxygen  0'0005. 
245  c.c.  hyposulphite =0005  oxygen. 
250  c.c.  sample  of  aftrated  water  required  12*5  c.c.  hyposulphite =00025  gm. 

oxygen. 
lOOO  c.c.=001  gm.  oxygen. 
001x1000    ^^  ... 

1-4336"  ^•^''  ^^y^^"  ^^  ^^^^'■• 

I   I   2 
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Bacterial  Filter  Effluent,  after  shaking  to  saturation. 

10  c.c.  indigo  solution  required  37*0  c.c.  hyposulphite. 

250  c.c.  sample  required  100  c.c.  h3'po8ulphite  =  0  00135  gm.  oxygen. 

1000  c.c.  sample =00054  gm.  oxygen. 

0-0054x1000     „^^  ,., 
p^^^  -  =3/  /  c.c.  oxygen  i)er  liter. 

The  method  is  not  nearly  so  complicated  or  cumbersome  as  it  appears  at  first 
glance,  and  the  apparatus  once  set  up  will  give  very  little  trouble.  In  an 
investigation  just  completed,  on  "  The  Movement  of  the  Polluted  Zone  in  the 
Ribble  Estuary,"  it  was  found  that  a  hundred  samples  could  be  examined  in  one 
day,  without  au}'  necessity  for  washing  out  the  AVoulf  f 's  bottle. 

The  interpretation  of  the  results  as  regards  polluted  waters,  as 
given  by  Dupr^,  may  be  summarized  as  follows  : — 

The  method  depends  on  the  fact  that,  if  a  perfectly  pure  water  is 
once  fully  aerated,  and  then  kept  in  a  bottle  so  that  it  could  neither 
lose  nor  gain  oxygen,  it  would  remain  fully  aerated  for  any  lengtii  of 
time ;  but,  on  the  other  hand,  if  the  water  contained  living  organic 
matters  capable  of  absorbing  oxygen,  such  water  would  after  a  period 
of  time  contain  less  oxygen,  the  loss  so  found  being  taken  as  the 
measure  of  impurity.  The  method  is  really  another  form  of 
ascertaining  the  presence  of  germs  and  their  amount  in  contrast  to 
the  method  of  cultivation  by  gelatine  and  microscopic  analysis. 

The  practical  results  from  various  experiments  made  by  Dupre,  and 
reported  by  him  to  the  Medical  Department  of  the  Local  Government 
Board,  1884,  are  as  follows  : — 

(1)  A  water  which  does  not  diminish  in  its  degree  of  aeration  during 
a  given  period  of  time,  may  or  may  not  contain  organic  matter,  but 
presumably  does  not  contain  growing  organisms.  Such  organic  matter  there- 
fore as  it  may  be  found  to  contain  b\'  chemical  analysis  (permanganate  or 
otherwise)  need  not  be  cousidered  as  dangerous  impurity. 

(2)  A  water  which  by  itself,  or  after  the  addition  of  gelatine  or  other 
appropriate  cultivating  matter,  consumes  oxygen  from  the  dissolved  air  at 
lower  temperatures,  but  does  not  consume  any  after  heating  for  say  three  hours 
at  60^  C,  may  be  regarded  as  having  contained  linng  organisms,  but  none  of 
a  kind  able  to  survive  exposure  to  that  temperature. 

(3)  A  water  which  by  itself,  or  after  addition  of  gelatine  or  the  like, 
continues  to  absorb  oxygen  from  its  contained  air  after  heating  to  60"  C,  may 
be  taken  as  containing  spores  or  germs  able  to  survive  that  temperature. 

The  exact  nature  of  organisms  differing  in  this  way  is  of  course 
not  revealed  by  the  method.  1)  up  re's  conclusion  is,  that  in  the 
vast  majority  of  cases  the  consum])tion  of  oxygen  from  the  dissolved 
air  of  a  natural  water  is  due  to  growing  organisms,  and  that  in  the 
complete  absence  of  such  organisms  little  or  no  oxygen  would  be  then 
consumed. 

The  paper  is  accompanied  by  tables  of  results  of  analysis  by  this 
and  otlier  methods,  which  are  too  voluminous  to  insert  here. 

Pbinciple  of  the  Method.— Dupre  states  that  a  water,  fully  aerated, 
contains  at  20**  C.  and  760  m.m.  pressure  0*594  grain  of  oxygen  per  gallon,  or 
0*04158  gm.  per  liter.*  The  proportion  varies  with  the  temperature  and 
pressure.  The  formula  given  by  Bunsen  is  adopted  in  this  method — 
0  =  2*0225  /8 ;  and  3  =  0*020346— 000052887^  +  0000011156^  ; 
where  o  is  the  co-efficient  of  absorption  of  oxygen  in  cubic  centimeters,  $ 
the  co-efficient  for  absorption  of  nitrogen,  and  ( the  temperature. 

*  B  o  8  c  o  e  and  L  n  n  t ,  and  also  D  i  1 1  in  a  r,  show  by  their  experiments  tliat  these  fignres 
are  too  low. 
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The  variation  due  to  atmospheric  pressure  is  so  slight  that  it  may 
practically  be  disregartled.  The  composition  of  air  is  taken  as 
21  volumes  oxygen  and  79  nitrogen.  Dupre  adopts  the  temperature 
of  20°  C.  for  all  waters  under  experiment ;  and  as  a  rule  the  samples 
were  all  well  placed  in  an  appropriate  bottle,  and  kept  at  a  constant 
t<^nn)erature  of  20^  C  for  ten  days  previous  to  the  estimation  of  the 
oxygen. 

The  maximum  degn^c  of  oxygen  which  a  pure  water  should  contain 
at  this  temperature  is  called  100,  and  any  less  degree  found  on 
analysis  is  recordetl  as  a  percentage  of  this  maximum. 

Method  of  Procedure:  The  sample  of  wator  is  placed  io  an  ordinary 
bottle,  and  vigorously  Rhaken  to  ensure  full  aeration  ;  after  standing  the 
requisite  time  it  is  poured  into  the  experimental  bottle,  and  the  estimation  of 
oxygen  carried  out  as  described  in  §  72. 

Standards  of  Purity  for  Sewage  Effluents. 

The  followlDg  paper  in  connection  with  this  subject  by  Dr.  Rideal  is 
worthy  of  notice*  (C.  X.  Ixxviii.  173)  : — 

The  progress  made  within  the  last  few  years  in  the  bacterial  processes  for 
the  treatment  of  sewage  has  drawn  into  (juestinn  the  interpretation  of  analytical 
results  as  well  as  the  different  standards  of  purity,  by  which  effluents  are 
to  be  judged  to  be  acceptable  or  otherwise.  At  the  present  time  some  consensus 
of  opinion  is  absolutely  necessary. 

Opinions  have  in  many  cases  been  founded  almost  solely  on  the  permanganate 
process  of  oiidation,  which  has  the  advantage  of  being  easy  and  rapid  in 
execution,  but  is  open  to  the  following  objections: — 

1.  So  many  modifications  have  been  introduced  in  procedure,  that  the 
figures  obtained  by  difTerent  observers  are  seldom  comparable,  as  instanced  in 
the  recent  discussion  at  Manchester. 

2.  It  mainly  measures  the  carbonaceous  matters  which  are  not  the  most 
dangerous. 

3.  It  is  incomplete  even  in  measuring  these,  since  many  of  them  are  very 
resistant  to  permanganate  if  used,  as  ordinarily,  at  low  temperatures.  Por 
this  reason  I  prefer  to  work  at  a  higher  temperature— namely,  that  of  a  water- 
bath  at  about  80'  C. 

4.  The  interierenco  of  nitrites,  which  are  abundant  in  certain  stages  of 
purification,  of  high  chlorides,  and  of  iron  and  manganese  salts  derived  from 
a  chemical  treatment,  has  not  been  satisfactorily  eliminated,  even  by  the 
adoption  of  time  limits,  such  as  three  minutes,  fifteen  minutes,  two  and 
a  half  or  four  hours. 

In  perfectly  fresh  human  excreta,  taking  both  solids  and  liquids  together, 
the  amount  of  nitrogen  somewhat  exceeds  the  chlorine.  It  ts  evident  that 
the  proportion  between  them  will  remain  unaltered  whatever  volume  of  water 
be  added,  provided  the  water  contains  only  the  ordinary  small  amount  of  natural 
chlorine,  as  long  as  the  nitrogenous  matters  do  not  undergo  alteration.  There- 
fore the  factor  expressing  the  relation  between  chlorine  and  nitrogen  will  be 
applicable  to  sewages  generally,  indei)endent  of  their  dilution.  In  subsequent 
changes,  while  the  CI  will  remain  unaffected,  the  total  nitrogen  will  suffer 
diminution,  the  loss  being  due  to  its  escape  in  the  form  of  gases,  such  as  free 
nitrogen  and  nitrous  oxide.  The  extent  to  which  this  imi>ortant  purification 
has  been  effected  will  be  indicated  by  the  above  proportion,  which  I  propose  to 
call  the  "  residual  ratio,"  and  prefer  to  express  in  percentages  of  the  chlorine. 

If  CI  \ye  the  chlorine  of  the  sewage, 
N  the  total  nitrogen, 
R  the  "  residual  ratio," 
the  formula  will  be —  l^  ^  .qq 

*  A  Paper  read  before  the  British  Association  (Section  B),  Bristol  Meeting,  1898. 


486 


VOLUMETRIC  ANALYSIS. 


§101. 


In  cases  of  ^reat  dilution,  or  of  an  excessive  amount  of  chlorine  in  the  water 
supply,  the  expression  will  become— 

NxlOO 


R= 


Cl-W  ' 


W  beinj(  the  chlorine  in  the  water.  The  simpler  formula,  however,  is  in 
general  sufficient. 

As  nitrogen  is  significant  of  the  more  dangerous  forms  of  pollution, 
a  calculation  of  the  ratio  between  the  different  forms  of  nitrogen  furnishes 
more  useful  information  than  a  mere  consideration  of  its  amount,  inasmuch  as 
nitrogen  compounds  when  oxidized  are  harmless,  but  when  unoxidized  are  liable 
to  occasion  smells,  and  to  be  in  other  respects  deleterious.  A  certain  quantity 
of  nitrogen  is  lost  as  gas  during  the  changes,  but  the  residue  will  give 
a  minimum  measurement  of  the  original  sewage  strength.  The  proportion 
between  the  oxidized  and  unoxidized  nitrogen  will  then  denote  the  extent  to 
which  the  sample  has  been  purified.  A  judgment  can  therefore  be  formed  from 
the  sample  without  an  analysis  of  the  original  sewage,  as  the  chlorine  contents 
also  give  a  clue  to  the  strength,  and  thus  such  a  method  would  have  an 
advantage  over  the  ordinary  system  of  calculating  sewage  purification,  as  it 
obviates  the  difficulty  of  obtaining  conformable  samples.  Even  where,  as  I 
have  elsewhere  insisted  should  be  done,  a  correction  is  made  to  a  standard 
chlorine  value  in  comparing  the  sewage  entering  and  the  effluent  leaving  a 
certain  works,  the  s^'stem  I  suggest  will  still  have  great  advantages. 

As  ammonia  must  bo  recognized  as  a  preparatory  or  transition,  and  not  a 
finished  product,  it  must  be  considered  as  part  of  the  residual  unoxidized  sewage, 
and  only  indicates  progress  towards  complete  purification,  and  gives  a  criterion 
as  to  whether  a  process  is  working  satisfactorily.  A  large  number  of  the 
failures  in  sewage  disposal  methods  have  been  owing  to  the  effort  to  obtain  by 
chemical  treatment  or  filtration  a  liquid  from  sewage  which  should  bear  some 
resemblance  to  drinking  water ;  such  an  end  is  impossible  without  impracticable 
expenditure,  time,  and  space,  attended  by  disastrous  breakdowns  at  intervals. 
Fortunately  methods  have  been  found  which  by  natural  agencies  allow  us  to 
carry  the  purification  to  a  rational  and  harmless  stage,  when  such  factors  as 
time,  light,  volume  of  oxygen,  and  various  life  of  a  river  will  bo  more  than 
sufficient  to  deal  with  the  effluent. 

A  few  examples  to  show  how  the  percentage  of  oxidation  reveals  the 
purification  effected  by  difierent  agencies  may  be  quoted  here : — 


El 

6-66 

Parts  per  100,000  of  nitrogen. 

Percentage  of 
oxidation. 

A  raw  sewage      -        -        . 

X 
30 

Total  unoxi- 
dized. 

1 

none 

612 

912 

none 

A  filtrate  effluent 

078 

2-4 

0-92 

3-32 

116 

260 

Another  ditto      -        -        . 

0-36 

0-92 

0-44 

1-36 

109 

44*5 

London  river  water 

0-20 

00016 

0049 

0051 

0-305 

86-0 

Same  filtered       -        .        . 

0176 

none 

0026 

0026 

0*254 

910 

Deep  well  in  chalk 

0013 

none 

0008 

0011 

0-450 

97-6 

Furthermore,  one  has  to  consider  not  only  the  chemical  but  also  the 
pathogenic  qualities,  and  these  are  ignored  by  all  existing  standards.  It  is 
obvious  that  a  very  small  amount  of  nitrogen  or  carbon,  if  in  the  form  of 
ptomaines,  would  be  sufficient  to  condemn  an  effluent.  I  have  noticed  that 
many  dilute  putrid  sewages  of  offensive  character  have  shown  less  albuminoid 
or  organic  nitrogen  than  the  condemnatory  limits  of  existing  standards,  so  that 
these  arbitrar}'  rules  are  of  little  or  no  value. 

On  the  other  hand,  when  a  sewage  lias  been  subjected  to  nitrification,  although 
the  albuminoid  ammonia  may  be  higher  than  the  old  standards,  the  presence  of 
nitrate  seems  to  have  a  beneficial  influence  upon  the  quality  of  such  sewage,  and 
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under  the.He  circumstAneoM  a  greater  quantity  of  albuminoid  or  organic  nitrogen 
may  be  tolerated. 

The  multitude  of  bacteria  in  sewage  is  ko  enormous,  and  their  character  so 
various,  that  a  mere  counting  of  their  numbers  must  be  unmeaning  and 
inaccurate.  The  ratios,  however,  between  either  those  liquefying  and  not 
liquefying  gelatin,  or  between  the  aerobic  and  non-adrobic,  or  between  those 
^^wing  at  ordinary  temperature  and  at  blood  heat,  give  much  more  valuable 
information. 

Whilst  therefore  any  absolute  number  as  a  standard  is  undesirable,  only  a 
low  number  of  organisms  of  the  Coli  group  should  be  permissible  in  an  effluent, 
with  an  absence  of  dangerous  pathogenic  forms. 

Absolute  sterility  in  an  effluent  is  at  present  out  of  the  question,  nor  in 
general  would  it  be  necessary  or  even  advisable,  inasmuch  as  subsequent  organic 
improvement  would  be  prevented,  but  the  destruction  of  pathogenic  forms  could 
be  completed  by  a  "  finisher"  like  chlorine  when  special  danger  was  present. 

Dupre  some  years  ago  introduced  a  method  of  ascertaining  the  condition 
of  healthiness  or  otherwise  of  an  effluent  by  enclosing  it  in  a  bottle  and 
determining  the  free  oxygen  present  before  and  after  keeping  ($ef  p.  484). 
This  seems  a  natural  way  of  carrying  out  the  *'  oxygen  consumed  "  test.  Qe 
observes  {Anal  if  sty  August,  1898)  :— *'  Pure  water  remained  aerated  when  bottled 
up,  but  water  containing  sewage  de  aerated  itself.  An  effluent  that  did  not 
appreciably  de-aerate  itself  might  be  admitted  anywhere  without  fear  of  putre- 
faction." Unfortunately,  although  the  actual  work  of  this  test  can  be  carried 
out  in  a  few  minutes,  the  sample  had  to  be  allowed  to  stand  for  five  to  ten  days 

On  similar  -  but  less  natural  lines— the  "  Incubator  Test,"  adopted  in  the 
Manchester  report  on  systems  of  sewage  purification,  maintains  an  effluent  by 
iteelf  at  a  warm  temperature  (five  days  at  80^  F.),  and  determines  the  oxygen 
absorbed  in  three  minutes  before  and  afterwards,  at  the  same  time  noticing  any 
change  of  odour.  The  result  is,  however,  again  arbitrary,  as  an  effluent  is 
not  intended  to  be  stored  by  itself,  but,  when  fini«hed,  to  be  discharged  at 
once  into  water  which  is  moving  and  aerated. 

The  results  seem  to  be  more  favourable  to  effluents  which  have  been  sterilized 
by  a  chemical  or  precipitation  process,  but  which  have  notoriously  in  many  cases 
given  rise  to  a  subsetjucnt  nuisance,  than  to  those  containing  the  materials, 
bacterial  and  chemical,  for  rapid  self -purification  in  a  river. 

Dibdin  has  recently  put  forward  this  test,  which  he  described  as  follows: — 
**  He  had  loug  since  adopted  in  his  own  mind  a  physiological  standard,  viz.,  that 
the  ({uality  of  an  effluent  should  be  such  that  fish  could  live  healthily  in  it, 
.  .  .  such  a  definition  involves  necessarily  the  absence  of  poisons  and  the 
presence  of  oxygen."  But  while  an  eflluent  which  kills  fish  is  obviously 
unhealthy,  it  does  not  follow  that  one  where  fish  will  live  is  therefore  a  good 
one.  It  is  well  known  that  fresh-water  fish  are  gross  feeders,  and  fish  in 
large  numbers  are  often  seen  to  congregate  at  the  mouths  of  sewers  where  fsDcal 
matter  is  visibly  floating,  being  attracted  by  the  fragments  of  food  and  insects 
carried  down  by  the  sewage.  Fish,  in  fact,  are  more  affected  by  muddy  water 
and  by  chemicals  from  factories  than  by  excreta. 

Amongst  the  standards  which  have  been  proposed  in  the  past,  or  have  been 
adopted  by  local  bodies,  are  the  following,  lome  of  which  have  been  repeatedly 
quoted  in  papers  on  the  subject,  while  others  are  gathered  tentatively  from 
published  documents,  or  from  a  consideration  of  decisions  in  disputed  cases. 
None  of  them,  however,  have  strictly  the  force  of  law ;  in  fact,  some  have 
actually  been  disclaimed  by  the  bodies  to  which  they  were  attributed.  The 
proportions  are  parts  per  100,000: — Rivers  Pollution  Commissioners— Organic 
carbon,  20 ;  organic  nitrogen, 03.  Thames  Conservancy — Organic  carbon,  3"0 ; 
organic  nitrogen,  11.  The  Thames  Conservancy  state  that  they  require  a  higher 
standard  for  effluents  just  above  the  intakes  of  the  water  companies  than  for 
those  below.  Derbyshire  County  Council — Albuminoid  ammonia,  01 ;  oxygen 
absorbed,  TO.  Ribble  Boanl— Albuminoid,  01 ;  oxygen  absorbed,  2  0.  Mersey 
and  Irwell— Albuminoid,  014;  oxygen  absorbed,  140. 

Provisos  as  to  amount  of  tusi)ended  solids,  acidity,  alkalinity,  metals,  &c.,  are 
inserted  in  some,  and  have  special  reference  to  manufacturing  effluent^. 

But  in  all  these  arbitrary  limits,  no  account  is  taken  of  the  volume  of  the  river 
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iuto  which  the  effluents  are  discharged,  although  attention  was  loni^  ago  drawn 
to  the  purifying  action  of  river  water.  The  London  County  Council  have 
recognized  the  fact  that  an  oxidizing  ugent  added  to  the  effluent  at  the  time  of 
contact  with  the  river  prevents  any  foulness.  Provided,  therefore,  a  river  is  well 
aerated,  or  an  effluent  is  well  nitrated,  or  an  oxidizing  agent  is  supplied  in 
sufficient  quantity  at  the  time  of  contact,  an  effluent  may  contain  a  laipger 
quantity  of  organic  matter  than  has  been  sanctioned  in  the  past,  and  variations 
in  such  quantities  are  permissible  under  conditions  varied  in  the  above  w^. 

In  America,  from  the  work  of  the  Massachusetts  State  Board  of  Health, 
Rudolph  He  ring  fixes  a  limit  to  the  amount  of  free  ammonia  permissible 
in  a  stream,  and  finds  that  if  the  flow  of  the  stream  is  less  than  2^  cubic  feet 
per  second  per  lOOO  persons  (or  one  gallon  per  minute  per  perjson)  **  an  offence 
is  almost  sure  to  arise  " ;  but  when  the  flow  is  greater  than  7  cubic  feet  per 
second  per  1000  persons,  then  safety  is  assured. 

"  In  other  wonis,  when  the  free  ammonia  is  greater  than012  part  per  100,000 
the  conditions  are  probably  objectionable."  I  find  that  these  limits  correspond 
to  about  50  volumes  of  river  water  to  average  sewage  in  this  country,  and  it  is 
obvious  that  such  conditions  are  only  possible  under  very  special  circumstances, 
and  the  limit  is  much  greater  than  we  have  found  necessary  in  England. 

Sometime  ago,  in  conversation  with  Mr.  Henry  Law,  we  arranged  the 
following  formula?  for  the  conditions  of  discharge  into  a  stream.  The  basis 
I  prefer  to  take  is  the  same  as  that  preferably  adopted  for  waters,  viz.,  100  liters 
or  100,000  parts  :— 

Let  X  be  the  flow  of  the  stream  in  100  liters  per  minute. 
0  =  grams  of  free  oxygen  in  100  liters. 
S  =  number  of  hectoliters  of  effluent  discharged  x>er  minute. 
M  =  grams  of  oxygen  required  to  consume  the  organic  matter  in  100  liters  of 
effluent  as  determined  by  the  permanganate  test  after  deducting  that  required 
by  nitrites. 

N  =  grams  of  available  oxygen  as  nitrate  and  nitrite  per  100  liters. 
This  latter  factor  requires  explanation.  Warington,  Munro,  Gayon, 
Dupetit,  Adeney,  and  others,  have  shown  that,  always  with  the  help  of 
bacteria,  the  oxygen  of  nitrates  and  nitrites  is  available  for  the  burning  up  of 
organic  matter.  In  my  own  experiments  I  have  found  that  the  large  loss  of 
organic  nitrogen  noticed  so  frecjuently  in  analyses  of  sewage  in  progressive 
stages  of  change  was  not  accounted  for  by  the  production  of  nitrous  acid,  of 
ammonia,  or  of  nitrogen  gas.  Gayon  and  others  have  observed  the  formation 
of  nitrous  oxide,  which,  from  its  solubility  and  vague  reactions,  would  ordinaril}' 
escape  observation.  Therefore,  to  be  on  the  safe  side,  I  have  allowed  for  the 
available  oxygen  2  atoms  of  O  for  ever>'  HNO3,  i  e.,  N2O5  to  N2O  and  1  atom 
for  HNO.j,  or  N2O3  to  N^O. 

The  quantitv  of  free  oxygen  in  the  stream  will  then  be  XO,and  that  required 
by  the  effluent  will  be  S(M— N). 

Putting  C  as  the  ratio  between  the  amount  of  oxygen  in  the  stream  and  that 
which  is  required  to  oxidize  the  organic  matter  in  tlie  effluent, — 

XO  =  C(M— N)S. 

AVhere  there  arc  no  nitrates  in  the  fluid, — 

XO  =  CMS. 

If  N  be  less  than  M,  M— N  =  the  deficit  of  oxygen  in  the  effluent,  requiring 
to  be  supplemented  by  the  free  oxygen  in  the  river,  such  an  effluent  will  throw 
a  bunlen  on  the  river,  and  cannot  be  considered  in  a  sjitisfactory  state;  and  it 
will  be  a  (|uestion  of  volume  and  other  circumstances  whether  it  can  be  per- 
mitted to  be  discharged  at  all.  Where  XO  is  greater  than  (M— N)S  there  will 
be  a  chance  of  the  stream  dealing  with  the  inflounng  liquid  ;  where  the  reverse 
is  the  cose  the  addition  must  necessiirily  cause  foulness. 

In  favourable  cases,  where  bacteria  and  algjc  are  active,  and  the  oxygen  of  the 
river  is  able  by  their  help  to  deal  rapidly  with  the  incoming  residues,  the 
minimum  ratio  between  the  volume  of  the  stream  and  the  volume  of  effluent 
that  could  be  allowed  to  be  discharged  into  it  would  be  indicated  by  the  value  of 
('  in  the  above  equation,  which  would  also  approximately  denote  how  far  the 
I>opulation  might  increase  before  the  proportion  would  be  seriously  disturbed. 
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The  minimum  figure  will  be  reduced  b^  the  nitrites  or  nitrites  of  the  river 
water  itself,  and  by  the  free  oxygen  which  may  be  present  in  the  effluent. 
River  water  miy  have  90  por  cent,  of  it^  nitrogen  oxidized,  and,  when  saturated, 
contains  about  700  c  c,  or,  approximately,  1  gram  of  free  oxygen  per  100  liters. 
We  may  assume  that  with  the  almoH  unlimited  exposure  and  admixture  in  a 
flowing  river,  the  common  n<itural  bacteria  that  work  the  changes  are  certain  to 
be  present.  Hence,  in  theory,  comparatively  few  volumes  of  a  river  water  are 
necessary  for  supplying  the  oxygen  requisite  for  even  a  raw  sewage  after  its 
solid-*  have  been  removed  by  filtration  or  subsidence.  From  this  cau«€  it  is 
a  common  observation  that  the  dissolved  impurity  remaining  in  a  stream  is 
a  mere  fraction  of  that  in  the  volumes  of  sewage  that  have  entered  it  in  its 
up]>er  course. 

But  from  the  factor  of  time,  and  the  inadvisability  of  denuding  the  river  of 
its  oxygen,  which  might  be  only  gradually  renewed  from  the  air,  it  is 
necessary  with  the  raw  liquids  of  sewage  to  allow  a  considerably  larger  pro- 
lK)rtion  of  river  wat^r  than  the  minimum  above  calculated.  Dupre  states 
that  admixture  with  about  30  volumes  of  fully  aerated  river  water  prevents 
sewage  from  becoming  foul„  and  ultimately  purifies  it.  I  have  found  the 
same  result  from  a  less  quantity. 

Where  the  organic  matter  is  well  fermented,  and  the  liquid  advanced  in 
nitrification,  as  in  properly  managed  septic  effluents,  the  case  is  far  more 
favourable.  Here,  in  the  above  equation,  N  is  greater  than  M,  and  there  is 
a  surplus  of  available  oxygen  in  the  effluent — that  is  to  say,  an  effluent  of  this 
kind  not  only  does  not  absolutely  require  any  dilution  with  river  water,  as 
containing  within  itself  the  elements  of  its  own  purification,  but  by  its  surplus 
oxygen  is  capable  of  actually  improving  the  river  into  which  it  enters. 
This  apparently  panuloxical  result  in  cases  of  jwlluted  streams  is  paralleled 
by  the  effect  of  the  addition  of  artificial  oxidizing  agents,  Buch  as  that  of 
manganate  of  soda  to  the  Thames  at  Crossness.  In  healthy  effluents  the 
quintity  of  available  oxygen,  N,  in  the  above  equation,  is  far  higher  than  could 
bo  supplie<l  by  any  process  of  mere  aeration. 

As  an  example  of  the  application  of  the  formula  XO  =  C(M— N)S,  we  may 
cite  two  rivers,  the  Thames  and  the  Exe  : — 

X«  O.  M.  N.  S.  C. 

Thames       .     110*1  04  4-3  023  100  108 

Exe  47  10  i'ym  110  1084  7*9 

X  and  S  are  stated  in  million  gallons. 

The  formula  shows  that  the  Thames  with  C=  1*08  has  so  narrow  a  margin  of 
effective  natural  oxidation  that  it  has  often  had  to  bo  supplemented,  especially 
in  warm  weather,  by  the  addition  of  chemicals.  In  the  Exe,  on  the  other 
hand,  vvilh.C  =  71>,  there  is  a  large  margin  for  natural  purification. 

But  we  cannot,  as  a  rule,  throw  the  bunlen  of  the  final  changes  on  the 
streiuu  on  account  of  the  time  taken  and  the  odours  and  deposit  that  generally 
ensue.  On  the  other  hand,  an  effluent  that  is  in  an  active  state  of  wholesome 
bacterial  change,  under  the  above  conditions  of  free  and  potential  oxygen,  will 
conform  to  Adeney 's  proposed  test : — "  The  limit  of  impurity  to  be  allowed  in 
a  water  shoul<l  be  such,  that  when  a  given  volume  of  it  is  mixed  with  a  given 
volume  of  fully  aerated  river  water,  and  the  mixture  kept  out  of  contact  with 
air,  a  decided  oxidation  of  the  ammonia  originally  present  into  nitrous  or  nitric 
acid  shall  be  indicated."  ...  It  will  l)e  noticed  that  this  test  is  practically 
that  sugg05»t(Kl  by  Dupre  many  years  ago.  Such  an  effluent  as  experience 
teaches,  if  clear  and  nearly  free  from  odour,  may  be  safely  di.scharged  into  any 
river  of  moderate  volume. 

Water  and  Sewage  Examination  Besoilts. 

The  reiwrt  uf  the  committee  api)oiiitetl  to  establish  a  Uniform 
System  of  recording  the  Kesults  of  th(^  Chemical  and  llacterial 
Examination  of  Water  and  Sewage  is  as  follows: — That  it  is  desirable 
that  results  of  analysis  should  be  expressed  in  jmrts  per  100,000 
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except  in  the  case  of  dissolved  gases,  when  these  should  be  stated  as 
cubic  centimeters  of  gas  at  0°  C,  and  760  millimeters  in  1  liter  of 
water.  This  method  of  recording  results  is  in  accordance  with  that 
suggested  by  the  committee  appointed  in  1887  to  confer  with  the 
committee  of  the  American  Association  for  the  Advancement  of 
Science,  with  a  view  to  forming  a  uniform  system  of  recording  the 
results  of  water  analysis.* 

The  committee  suggest  that  in  the  case  of  all  nitrogen  compounds 
the  results  be  expressed  as  parts  of  nitrogen  over  100,000,  including 
the  ammonia  expelled  on  boiling  with  alkaline  permanganate,  which 
should  be  termed  albuminoid  nitrogen.  The  nitrogen  will  therefore 
be  returned  as : 

(1)  Ammoniacal  nitrogen  from  free  and  saline  ammonia. 

(2)  Nitrous  nitrogen  from  nitrites. 

(3)  Nitric  nitrogen  from  nitrates. 

(4)  Organic  nitrogen  (either  by  Kjeldahl  or  by  combustion,  ])ut 
the  process  used  should  be  stated). 

(5)  Albuminoid  nitrogen. 

The  total  nitrogen  of  all  kinds  will  be  the  sum  of  the  first  four 
determinations. 

The  committee  are  of  opinion  that  the  percentage  of  nitrogen 
oxidized — that  is,  the  ratio  of  (2)  and  (3)  to  (1)  and  (4) — gives 
sometimes  a  useful  measure  of  the  stage  of  purification  of  a  particular 
sample.  The  purification  effected  by  a  process  will  be  measured  by 
the  amount  of  oxidized  nitrogen  as  compared  with  the  total  amount 
of  nitrogen  existing  in  the  crude  sewage. 

In  raw  sewage  and  in  eftiuents  containing  suspended  matter,  it  is 
also  desirable  to  determine  how  much  of  the  organic  nitrogen  is 
present  in  the  suspended  matter. 

In  sampling,  the  committee  suggest  that  the  bottles  should  be 
filled  nearly  completely  with  the  liquid,  only  a  small  air-bubble  being 
allowed  to  remain  in  the  neck  of  the  bottle.  The  time  at  which  a 
sample  is  drawn,  as  well  as  the  time  at  which  its  analysis  is  begun, 
should  be  noted.  An  etttuent  should  be  drawn  to  correspond  as  nearly 
as  possible  with  the  original  sewage,  and  both  it  and  the  sewiage  should 
be  taken  in  quantities  proportional  to  the  rate  of  flow  when  that  varies 
(e.ff.,  in  the  emptying  of  a  filter-bed). 

In  order  to  avoid  the  multiplication  of  analyses,  the  attendant  at  a 
sewage  works  (or  any  other  person  who  draws  the  samples)  might  be 
provided  with  sets  of  twelve  or  twenty-four  stoppered  quarter- 
Winchester  lx>ttles,  one  of  which  should  be  filled  every  hour  or  every 
two  hours,  and  on  the  label  of  each  bottle  the  rate  of  flow  at  the  time 
should  be  written.  When  the  bottles  reach  the  laboratory,  quantities 
would  ])e  taken  from  each  i)roportional  to  these  rates  of  flow  and  mixed 
together,  by  which  means  a  fair  average  sample  for  the  twenty-four 
hours  would  be  obtained. 

The  committee  at  present  are  unable  to  suggest  a  method  of 
reporting  bacterial  results,  including  incubator  tests,  which  is  likely 
to  be  acceptable  to  all  workers. 

*  British  Association  Report,  1889. 
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TABLE   1. 
Slaatlolty   of  Aaueous   Vapour   for   eaoh  «7cth  deffre«  oentiffrade 

from   Oo    to   30O    O.    (Beffnault). 
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niaion  in 
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C. 
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1 
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0  6  S 

O  S  £ 

§2* 
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C. 
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C. 

-  ••  k! 
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f 

H»^ 
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0* 
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7  0 
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10-5 
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15-4 

24  0' 

22-2 

•1 

4-6 

•1 

7-0 

•1 

10-5 

•1 

15-5 

•1 

22  3 

•2 

4  7 

•2 

71 

•2 

10-6 

•2 

15-6 

•2 

22-5 

•3 

47 

•3 

71 

•3 

107 

•3 

167 

8 

226 

•4 

4-7 

•4 

7-2 

•4 

107 

•4 

157 

•4 

227 

•5 

4-8 

•5 

7-2 

•6 

10-8 

5 

15-8 

•6 

229 

•6 

4-8 

•6 

7-3 

•6 

10  9 

•6 

15-9 

•6 

23  0 

•7 

4-8 

•7 

7-3 

•7 

10-9 

7 

16-0 

7 

23-1 

•8 

4-9 

•8 

7-4 

•8 

110 

•8 

161 

-8 

23-3 

•9 

4-9 

•9 

7-4 

•9 

111 

•9 

16-2 

•9 

23*4 

1-0 

4-9 

70 

7-5 

130 

11-2 

190 

16-3 

25  0 

2S'5 

•1 

5-0 

•1 

7-5 

•1 

11-2 

•1 

164 

•1 

237 

•2 

6-0 

•2 

7-6 

•2 

11-3 

•2 

16-6 

•2 

23-8 

•3 

50 

•3 

7*6 

•3 

11-4 

•3 

167 

•3 

24-0 

•4 

5-1 

•4 

77 

•4 

11-5 

•4 

16-8 

•4 

241 

•5 

5-] 

•5 

7-8 

•5 

11-5 

•5 

16-1» 

•5 

24-3 

•6 

5-2 

•6 

7-8 

•6 

11-6 

•6 

17-0 

•6 

24-4 

•7 

5-2 

•7 

7-9 

-7 

117 

•7 

17-1 

•7 

24  6 

•8 

5-2 

•8 

7-9 

•8 

11-8 

•8 

17-2 

•8 

24-7 

•9 

5-3 

•9 

8-0 

•9 

11-8 

•9 

17-3 

•9 

24-8 

20 

5-3 

80 

8  0 

140 

11-9 

20  0 

17-4 

260 

25  0 

•1 

5-3 

1 

8-1 

•1 

12-0 

•1 

17-6 

•1 

251 

•2 

5-4 

•2 

81 

-2 

12-1 

•2 

17-6 

•2 

25  3 

•3 

5-4 

•3 

8-2 

•3 

121 

-3 

17-7 

•3 

25-4 

•4 

6-5 

•4 

8-2 

•4 

12-2 

•4 

17-8 

•4 

25-6 

•6 

6-6 

•6 

83 

•6 

12-3 

•6 

17-9 

•6 

257 

•6 

6-5 

•6 

83 

•6 

12-4 

•6 

18-0 

•6 

26-9 

•7 

5-6 

•7 

8-4 

7 

12  5 

7 

18-2 

7 

26  0 

•8 

5-6 

•8 

8-5 

•8 

12-5 

•8 

18-3 

•8 

26-2 

•9 

5-6 

•9 

8-5 

•9 

12-6 

•9 

18-4 

-9 

26  4 

8  0 

6-7 

9-0 

8-6 

150 

127 

210 

18-6 

270 

26-6 

•1 

6-7 

•1 

8-6 

•1 

12-8 

•1 

18-6 

•I 

267 

•2 

6-8 

•2 

8  7 

•2 

12-9 

•2 

187 

•2 

26*8 

•8 

5-8 

•3 

8-7 

•3 

12-9 

•3 

18-8 

•8 

27  0 

•4 

6-8 

•4 

8-8 

•4 

13-0 

•4 

190 

•4 

27-1 

•5 

5-9 

•5 

8-9 

•5 

131 

•6 

19-1 

'6 

27-3 

'6 

6-9 

•6 

8-9 

•6 

13-2 

•6 

19-2 

•6 

27-5 

•7 

CO 

•7 

90 

7 

133 

7 

19-8 

7 

27-6 

•8 

6-0 

•8 

9  0 

8 

13-4 

•8 

19-4 

•8 

27-8 

•9 

61 

-9 

9-1 

•9 

13-5 

•9 

19-5 

•9 

27-9 

4*0 

61 
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9*2 

16  0 

13-6 
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28-1 

•1 

61 

•1 

9-2 

•1 

13-6 

•1 

19-8 

•1 

28-3 

•2 

6-2 

•2 

9-3 

•2 

13-7 

•2 

19-9 

•2 

28-4 

•3 

6-2 

•3 

9-3 

•3 

13-8 

•3 

20-0 

•3 

28-6 

•4 

6-3 

•4 
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•4 

13-9 

•4 
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•4 
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•5 

6-3 

•6 
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•6 
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•5 
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•5 

28-9 

•6 
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•6 
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•6 
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•6 
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•6 
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•7 
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•7 

9-6 

7 
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7 
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7 

29  3 

•8 
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-8 

97 

•8 
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•8 
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•8 
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•9 
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•9 

97 

•9 

14-3 

•9 

20-8 

-9 

29-6 

60 

6-5 

11-0 

9-8 
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14-4 

23-0 

20-9 

29  0 

29-8 

•1 

6-6 

•1 

9-9 

•1 

14-5 

•1 

21-0 

-1 

30-0 

•2 

6-6 

•2 

9-9 

•2 

14-6 

•2 
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•2 
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•3 

6-7 

-3 
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•3 
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•3 

21-3 

•3 
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•4 

6-7 

•4 

10-1 

•4 

14-8 
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•4 
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•4 

30-5 

•5 

68 

•5 
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•6 

•5 

21-5 

•5 
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•6 

6-8 

•6 

10-2 

•6 
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•6 
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•6 

80-8 

•7 

6-9 

•7 

10-8 

7 

161 

7 

21-8 

7 

81-0 

•8 

6-9 

•8 
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•8 
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•8 

21-9 

•8 

31-2 

•9 

7-0 

•9 

10-4 

•9 

16-8 

•9 

• 

221 

•9 

81-4 
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TABLE  ! 

2. 

Beduotion 

of  Cubic 

Centimeters  of  Nitrogen  to  Grama. 

T, 

00012562 

f^ 

r  each  tenth  of  a  degree  from  0*  to  80*  C. 

*^*  (1  +  0-003670760  '" 

t.C. 
0** 

00 

0-1 

808 

02 
793 

0-3 
777 

0-4 

05 

0-6 

07 

0-8 

0-9 

6*21824 

761 

745 

729 

713 

697 

681 

1 

665 

649 

633 

617 

601 

586 

570 

554 

588 

522 

2 

607 

491 

475 

459 

443 

427 

412 

396 

380 

364 

3 

849 

333 

318 

302 

286 

270 

255 

239 

223 

208 

4 

192 

177 

161 

145 

130 

114 

098 

083 

067 

061 

5 

035 

020 

004 

•989 

•973 

•957 

•942 

•926 

•911 

•896 

6 

6-20879 

S&i 

848 

833 

817 

801 

786 

770 

755 

739 

7 

723 

708 

692 

676 

661 

645 

629 

614 

598 

583 

8 

567 

552 

536 

521 

505 

490 

474 

459 

443 

428 

9 

413 

397 

382 

366 

351 

335 

320 

304 

289 

274 

10 

259 

2U 

228 

213 

198 

182 

167 

151 

186 

121 

11 

106 

090 

075 

060 

045 

029 

014 

•999 

•984 

•969 

1 

12 

6  19953 

938 

023 

907 

892 

877 

862 

• 
846 

881 

816  1 

13 

800 

785 

770 

755 

740 

724 

709 

694 

679 

664 

14 

648 

633 

618 

603 

588 

573 

558 

543 

528 

513 

15 

497 

482 

467 

452 

437 

422 

407 

892 

877 

3C2 

16 

346 

331 

316 

801 

286 

271 

256 

241 

226 

211 

17 

196 

181 

166 

151 

136 

121 

106 

091 

076 

061 

18 

046 

031 

016 

001 

•986 

•971 

•956 

•941 

•926 

•911 

19 

6-18807 

8S2 

8r)7 

852 

1 
837  i  822 

807 

792 

777 

762 

20 

748 

733 

718 

703 

688 

673 

659 

644 

629 

614 

21 

600 

585 

570 

555 

510 

526 

511 

496 

481 

466 

22 

452 

437 

422 

408 

393 

378 

363 

349 

384 

319 

23 

305 

290 

275 

261 

246   231 

216 

202 

187 

172 

24 

158 

143 

128 

114 

009 

084 

070 

055 

on 

026 

25 

012 

•997 

•982 

•968 

•953 

♦938 

•924 

•909 

•895 

•880 

26 

'6-17860 

851 

837 

822 

808 

793 

770 

764 

750 

735 

27 

721 

706 

692 

677 

663 

648 

634 

619 

605 

590 

28 

576 

561 

547 

532 

518 

503 

489 

475 

460 

446 

29 

432 

417 

403 

388 

374 

360 

345 

331 

316 

302 
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TABLE  3. 

LoM  of  Nitroffen  by  Evaporation  of  NHs. 
With  Solphuroiia  Aoid. 

Parts  per  100,000. 


Nas 

Loss 

Nas 

Loss 

Na4  ! 

Loss 

N  as     Los4 

Nas 

L08<i 

Nas 

Loss 

NH«. 

of  N. 

Naa. 

of  N. 

NHS. 

of  N. 

NH». .  o 

f  N. 
370 

NHa. 

of  N. 

NHS. 

of  N. 

50 

1741 

39 

1425 

2-8 

■896 

17 

•6 

-145 

-04 

■009 

4*9 

1717 

3-8 

378 

27 

•850 

1-6 

338 

5 

•109 

03 

-007 

4*8 

1*683 

37 

330 

2-6 

-802 

1*5 

324 

•4 

•075 

-02 

-005 

47 

1-669 

3*6 

282 

2-5 

•754 

1*4 

309 

•3 

•057 

-01 

•003 

4*6 

1*645 

35 

234 

2*4 

706 

1-3 

295 

-2 

-038 

-006 

•002 

4-5 

1-621 

3-4 

186 

2-3 

•658 

1-2 

280 

-1 

-020 

•007 

001 

4*4 

1*508 

33 

138 

2*2 

•610 

1-1 

266 

-00 

018 

4*3 

1*574 

3*2 

-090 

21 

•562 

10 

252 

•08 

017 

4-2 

1550 

31 

■042 

2-0 

-514 

•9 

237 

•07 

015 

4*1 

1*521 

30 

-991 

1*9 

•466 

-8 

•217 

•06 

•013 

4*0 

1473 

29 

1      MS 

1-8 

•418 

•7 

•181 

•05 

-Oil 

TABLE  4. 


Loss  of  Nitroffen  by  Evaporation  of  NH'. 
With  Hydrio  Metaphosphate. 

Parts  per  100,000. 


c 

'     E 

s 

1 

1 

• 
M 

o 

1 

©5 
3  fe 

• 

2 

• 

1     og. 

a 

Si 

o 

>  d 

a 

§ 

ua 

hJ 

> 
100  c.c. 

59 

^ 

100  CO. 

8^ 

•48-2 

385 

•  •  • 

81 

•477 

5^8 

;J81 

80 

•473 

57 

377 

79 

•469 

5^6 

373 

7-6 

•465 

5-5 

;J68 

77 

•461 

5-4 

364 

7*6 

•456 

53       ' 

360 

75 

■452 

52 

356 

74 

•448 

51 

352 

7*3 

•444 

50 

347 

7-2 

•440 

4-9 

313 

71 

435 

4-8 

:tjw 

70 

•431 

4-7 

'334 

6-9 

•427 

4-« 

329 

68 

423 

45 

324 

67 

•419 

44 

319 

6-6 

•414 

43 

315 

6-5 

•410 

42 

310 

6-4 

•406 

41 

305 

6-3 

•402 

40 

.•JOl 

62 

•398 

3-9 

296 

61 

■394 

ns 

291 

60 

•389 

37 

1 

286 

il 

• 
M 

a 

^  1 

• 

o 

lime 
rated. 

0» 

• 

o 

Vol 
evapo 

a  I 

^ 

Vol 
evapo 

a 

1 

100  oc. 

3  6 

281 

100  c.c. 

13 

-142 

•  •  • 

35 

277 

... 

12 

•i:w 

34 

272 

... 

11 

-129 

33 

287 

... 

10 

-123 

32 

261 

... 

•9 

■117 

81 

255 

■8 

•111 

30 

^49 

250  c.c. 

•7 

•088 

29       ■ 

242 

... 

■6 

•073 

2-8       • 

236 

... 

•5 

-061 

27 

230 

500  CO. 

•4 

•049 

2-6       • 

223 

.  •  • 

•8 

-036 

25 

217 

1000  c.c. 

•2 

-024 

2-4 

211 

•  •  • 

•1 

-012 

2-3 

205 

... 

■09 

•Oil 

2  2   ' 

196 

-06 

•010 

21 

192 

•07 

•006 

2^0  : 

186 

... 

-06 

•007 

19 

180 

•05 

•006 

18 

173 

... 

•04 

-005 

17 

167 

•03 

•004 

1-6 

161 

•02 

•002 

1-5 

154 

... 

•01 

•001 

1-4 

148 
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TABLE  5. 

LoM  of  Nitroffen  by  Evaporation  of  NH'. 
With  Stdphurous  Aoid. 

Parts  per  100,000. 


1 

NH«. 

Loss 

of  N. 

NH8. 

,   Loss 
of  N. 

NHJ. 

Loss 
of  N. 

NHS. 

Loss 
of  N. 

KH'-   ^. 

NU3. 

Loss 
of  N. 

60 

1-727 

4-8 

1-451 

3-6 

•977 

2*4 

•503 

1-2 

250 

•09 

•014 

5-9 

707 

47 

1-411 

3-5 

•937 

2-3 

•463 

11 

-238 

•08 

•013 

5-8 

688 

4-6 

1-372 

3-4 

•89B 

2-2 

•424 

1-0 

226 

•07 

•012 

57 

668 

4-5 

1-382 

3-3 

-858 

2-1 

•381 

•9 

196 

•06 

•010 

6-6 

648 

4*4 

1293 

32 

•819 

2-0 

•345 

•8 

166 

•05 

•009 

5-6 

628 

4-3 

1-253 

31 

•779 

1-9 

•338 

•7 

136 

•04 

•007 

5-4 

609 

4-2 

1-214 

30 

•740 

1-8 

•321 

•6 

106 

•08 

006 

5-3 

589 

41 

1-174 

2-9 

•700 

1-7 

•309 

•5 

077 

■02 

•OOi 

52 

569 

4-0 

1135 

J-8 

•661 

1-6 

•297 

•4 

062 

•01 

•008 

5-1 

549 

3-9 

1-095 

27 

-621 

1-6 

-285 

-3 

047 

•009 

•001 

50 

530 

3-8 

1-056 

2-6 

•582 

1-4 

-274 

•2 

082 

4-9 

1*480 

3-7 

1016 

2-5 

•542 

13 

•262 

•I 

017 

1 

TABLE  6. 

Loss  of  Nitroffen  by  Braporation  of  NH'. 
With  Hydric  Metaphosphate. 

Parts  per  100,000. 


S^ 

• 

§^ 

• 

zt 

•1 

• 

Volun 
▼apora 

90 

•o 

it 

n 

o 

J 

Volun 
vaporal 

a 

9i 

■8 

If 

9i 

J 

o 

« 

M 

9 

H 

« 

H 

1 100  c.c. 

100 

•483 

100  c.c. 

7-2 

•386 

100  c.c. 

4-4 

•283 

100  0.0. 

16 

•143 

... 

99 

•480 

■  >  ■ 

7-1 

•382 

•  •• 

43 

•279 

•  •• 

15 

•187 

•  •  » 

9-8 

•476 

•  •  • 

7-0 

•379 

•  •  • 

42 

•275 

•  »• 

1-4 

•133 

... 

9-7 

•473 

•  •  ■ 

69 

•375 

•  •« 

4-1 

•271 

•  •• 

1^3 

•127 

•   k  • 

96 

-469 

•  ■  • 

6-8 

-372 

•  ■  • 

40 

•287 

■  •• 

1-2 

128 

•  •  • 

95 

'466 

»  •• 

67 

-368 

•  •• 

3-9 

•362 

•  •  « 

11 

•117 

•  •• 

9-4 

-462 

... 

6-6 

•365 

•  •• 

3-8 

•257 

•  •• 

1^0 

•112 

•  •• 

9-3 

-459 

•  •  • 

65 

•361 

•  •  • 

3-7 

•252 

250O.C. 

•9 

•006 

•  •• 

92 

455 

•  •• 

64 

-358 

•  •• 

36 

•247 

•  •• 

•8 

•090 

•  •• 

9.1 

•152 

•  •  ■ 

6-3 

-354 

•  •• 

8*5 

•242 

•  •t 

•7 

•070 

•  •■ 

90 

'448 

•  •• 

6-2 

•351 

•  •• 

34 

•236 

•  •• 

•6 

•060 

•  >  • 

8-9 

•445 

•  •• 

61 

-348 

•  •• 

3-8 

•231 

500  0.0. 

•5 

•060 

•  •■ 

8-8 

-441 

•  •• 

60 

•345 

■  •• 

82 

•226 

•  •• 

•4 

•040 

■  •• 

8-7 

-438 

•  •• 

59 

-341 

»•• 

3-1 

•221 

•  •  • 

•8 

•030 

•  *• 

8-6 

-434 

•  •• 

5-8    ' 

337 

•  •• 

30 

•216 

1000  0.0. 

•2 

•080 

•  •  » 

8^5 

•431 

•  •• 

57 

333 

•  •• 

29 

•211 

•  •  • 

•1 

•010 

•  •• 

8-4 

-428 

•  •  • 

56 

-330 

•  •• 

28 

'305 

•  •• 

•09 

•000 

•  •« 

8-3 

-424 

•  •» 

5-5 

•326 

•  •• 

27 

•200 

•  •  * 

•06 

•006 

•  •• 

8-2 

•421 

•  •• 

5-4 

-322 

•  •• 

26 

•195 

•  •• 

•07 

HW 

•  ■• 

81 

•417 

•  •  • 

53 

•318 

•  •• 

2-5 

•190 

•  •• 

•06 

•006 

•  •• 

80 

•414 

•  •■ 

52 

•314 

■  »• 

24 

•184 

•  •• 

•05 

•005 

•  •• 

7-9 

•410 

•  •  • 

5-1 

-310 

•  •• 

23 

•179 

•»f 

•04 

•004 

•  •• 

7-8 

-407 

■  •  • 

50 

-306 

■  •  • 

22 

•174 

•  •• 

•03 

•003 

•  •• 

7-7 

•403 

»•• 

49 

•302 

•  •• 

21 

•169 

•  •• 

•08 

•0G8 

•  •• 

7-6 

•400 

•  •• 

4-8 

•298 

■  •  • 

2-0 

-164 

•  •• 

•01 

•001 

•  •  • 

7-5 

-396 

•  •• 

47 

-294 

•  •  • 

1'9 

158 

•   •  • 

7-4 

-393 

... 

46 

•291 

1-8 

•153 

•  •  • 

1 

7-3 

'389 

... 

45 

•287 

•  •  • 

1'7 

•148 
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TABLE    7. 

Table  of  HardneM,  Parts  in  100,000. 


1 

1     •M 

_  m 

«M 

__• 

'    «M 

^^ 

«»« 

• 

Volume  0 
Solution. 

* 

®      a 
c.c. 

si 

®      a 
S  t^o 

il'i 

ll 

t     a" 
III 

Is" 

o.c. 

i    c.c. 

CO. 

40 

457 

,     80 

10^30 

120 

1643 

1 

•71 

1 

45 

1 

•59 

2 

•86 

2 

•60 

2 

•75 

8 

500 

3 

•75 

3 

•90 

4 

•14 

4 

•90 

4 

1706 

6 

•29 

5 

1105 

5 

•22 

6 

•43 

6 

•20 

6 

•88 

07 

•00 

7 

•57 

7 

85 

7 

•54 

0-8 

•16 

8 

•71 

8 

•50 

8 

•70 

09 

32 

9 

•86 

9 

•65 

9 

•86 

10 

•48 

50 

600 

90 

•80 

180 

1802 

1 

•63 

1 

•14 

1 

95 

1 

17 

2 

•79 

2 

•29 

2 

1211 

2 

•88 

3 

■95 

3 

•43 

3 

•26 

3 

•49 

4 

III 

,       4 

•57 

4 

•41 

4 

•65 

5 

•27 

'        5 

•71 

5 

•56 

5 

•81 

6 

•43 

6 

•86  : 

6 

•71 

6 

•97 

7 

•66 

7 

700 

7 

•86 

7 

1918 

8 

•69 

8 

•14 

8 

1301 

8 

•29 

9 

•82 

9 

•29 

9 

•16 

9 

•44 

20 

95 

60 

•43 

lo-o 

•31 

140 

•60 

1 

2-08 

1 

•57 

1 

•46 

1 

•76 

2 

•21 

2 

•71 

2 

•61 

2 

•92 

8 

•34 

3 

•86 

8 

•76 

3 

20-08 

4 

■47 

4 

800 

4 

•91 ; 

4 

•24 

5 

•60 

5 

•li 

5 

1406 

'       5 

•40 

6 

•73 

6 

•29 

1       6 

•21 

6 

•56 

7 

•86 

7 

•43 

7 

•37 

7 

•71 

8 

•99 

8 

•57 

8 

•52 

8 

•87 

9 

312 

.       9 

•71 

9 

•68 

9 

2103 

80 

•26 

:    70 

•86 

110 

•8i 

150 

•19 

1 

38 

1 

900 

'       1 

15  00 

1 

•85 

2 

•51 

2 

•14 

,       2 

•16 

2 

•51 

8 

•6-4 

3 

•29 

3 

•32 

8 

•68 

4 

•77 

4 

•43 

4 

•48 

4 

•85 

5 

•90 

5 

•57 

5 

•63 

5 

2202 

6 

403 

6 

•71 

6 

•79 

6 

•18 

7 

•16 

7 

•8^  1 

7 

•95 

7 

•35 

8 

•29 

8 

1000 

8 

1611 

8 

•52 

39 

•43 

7-9 

•15 

11-9 

•27 

9 

•69 

1 

1 

160 

•86 
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Results  of  AaalirsiB  expressed 


Number 

of 
Sample. 


I. 
II. 

III. 

IV. 

V. 

VI. 
VII. 

VIII. 

IX. 

X. 

XI. 

XII. 
XIII. 
XIV. 

XV. 
XVI. 

XVII. 
XVIII. 

XTX. 
XX. 


XXI. 

XXII. 

XXIII. 

XXIV. 

XXV. 

XXVI. 


XXVII. 
XXVIII. 
XXIX. 
XXX. 
XXXI. 


XXXII. 
XXXIII. 
XXXIV. 

XXXV. 

ixxxvi. 


DESCBIPTION. 


BEMABKS. 


Upland  Surflace  Waters. 

The  Dee  above  Balmoral,  March  9th,  1872 
Glasgow  Water  supplj'  from  Loch  Katrine— average  of  "J 
monthly  analyses  during  five  years,  1876—81  > 

Liverpool  Water  supply  from  Bi  vington  Pike,  J  une  4t  h,1869 
Manchester  Water  supply,  May  9th,  1874 
Cardiff  Water  supply,  Oct.  18th,  1872 

Surfieuse  Water  from  Cultivated  Land. 
Dundee  Water  supply,  March  12th,  1872 
Norwich  Water  supply,  June  18th,  1872 

Shallow  Wells. 

Cirencester,  Marlcet  Place,  Nov.  4th,  1870 
Marlborough,  College  Yard,  Aug.  22nd,  1873  ... 
Birmingham,  Hurst  Street,  Sept.  18th,  1873    ... 

Sheffield,  Well  near,  Sept.  27th,  1870 

London,  Aldgate  Pump,  June  5th,  1872 
London,  Wellclose  Square,  June  5th,  1872 
Leigh,  Essex,  Churchyard  Well,  Nov.  28th,  1871 

Deep  Wells. 

Birmingham,  Short  Heath  Well,  May  16th,  1873 

Caterham,  Water  Works  Well,  Feb.  14th,  1873 

Ditto,  Softened  (Water  supply) 

London,  Albert  Hall,  May,  1872 

Gravesend,  Railway  Station,  Jan.  17th,  1873    ... 

Springs. 

Dartmouth  Water  supply,  Jan.  8th,  1873 
Grantham  Water  supply,  July  11th,  1873 


Cleat      ...        ... 

Clear;  very  pale  brc 

Clear 

Turbid 

Clear      

Turbid ;  brownish  yel 
Slightly  turbid... 

Slightly  turbid... 

Clear      

Clear;  strong  saline  ti 
r  Very  turbid  &  offen 
<  sive.  Swarmini 
t     with  bacteria,  &c 

Clear      

Slightlv  turbid;  salinet 

Slightly  turbid ... 

Clear    ... 
Clear     ... 

•*•  •••  •■• 

Slightly  turbid... 
Clear     ... 

Turbid  ... 
Clear     ... 


London  Water  supply— average  monthly  analyses  duringr  21  years,  1869—1 

From  the  Thames  ... 

From  the  Lea 

From  Deep  Chalk  Wells  (Kent  Company) 

Ditto  (Colne  Valley  Co.)  softened— thirteen  years,  1877—80 

Ditto  (Tottenham)  — thirteen  years,  1877 — 89 ... 

Birminffliani   Water   supply—averag'e   montMy  analyses,  1875—1880. 

Averagre  Composition  of  Unpolluted  Water. 

Rain  Water            ...  ...            ...              39  samples 

U  pland  Surface  Water  ...            ...            195 

Deep  AVell  Water  ...  ...            ...            157 

Spring  Water        ...  ...            ...            198 

Sea  Water               ...  ...             ...              23 


Sewagre. 

Average  from  15  "  Midden  "  Towns,  37  analyses 
Average  from  16  "Water  Closet"  Towns,  50  analyses 
Salford,  Wooden  Street  Sewer,  March  15th,  1869 
Merthyr  Tydfil,  average  10  a.m.  to  5  p.m ,  Oct.  20th,  1871 } 
(after  treatment  with  lime)  ) 

Ditto,  Effluent  Water 


•  •    I    •  •  • 


.§  101. 

TABLES 

FOU   WATEK   ANALYSIS. 

497 

in  parta 

1  per  100,000 

. 

TABLB  8. 

,    Total 
'     aolid 

Organic 
Carbon. 

Organ  c 
Nitro- 
gen. 

Organic. 

N 

Nitro. 
genus 
Am- 
monia. 

Nitrogen 

as 
Nitrates 

and 
Nitrites. 

Total 
Inorganic 
Nitrogen. 

Total 
Combinetl  Chlorine. 
Nitrogen. 

1 

1             1 

1 

HardueM. 

•  lUtter. 

Teni. 
porary. 

Perma- 
nent. 

TotaL 

1-52 

•182 

•014 

9-4 

0 

0 

0 

•014 

• 

1 

-50 

1 

0 

1 

1-6 

16 

2*94 

•148 

•016 

92 

0 

•005 

\      -005 

•022 

•64 

— 

— 

•9 

9-66 

•210 

-029 

72 

•002 

0 

•002 

i      •081 

1-53 

•3 

37 

40 

7-00 

•132 

•031 

41 

•002 

0 

•002 

•033 

•90 

0 

27 

2-7 

23*50 

•212 

•031 

6-8 

0 

•084 

!       034 

i 

•065 

1-40 

• 

1      7-1 

1 

12 9  :    200 

1 

liin 

•418 

•069 

71 

-001 

•081 

1 

•082 

•141 

175 

1 

i         0 

60 

60 

8092 

•432 

•080 

54 

•012 

•036 

•048 

I 

•128 

3-10 

1 

i    21-8 

68 

266 

• 

8100 

•041 

•008 

6-1 

0 

•362 

!       '862 

1       -370 

1-60 

1 

;  184 

46 

28-0 

32-48 

•049 

•015 

3-3 

0 

•613 

•613 

!      -628 

i       1-90 

1    156 

101 

267 

240-20 

•340 

-105 

32 

•511 

i  14-717 

1 

15228 

15  333 

1 

I    36-60 

275 

996 

1271 

18-50 

1^200 

•126 

95 

•091 

0 

•091 

•217 

2-20 

1      20 

1-4 

84 

128-10 

•144 

•141 

1-0 

•181 

'     6-851 

7032 

7173 

12-85 

371 

40-0 

771 

896  50 

-278 

-087 

32 

0 

25-840 

25-840 

25  927 

34-60 

267 

164-3 

IWO 

1  112-12 

•210 

•065 

82 

0 

5047 

5047 

6-112 

13-75 

14-8 

45-7 

600 

15  08 

1 

•009 

•004 

2-2 

0 

•447 

•447 

•461 

1-80 

4-6 

6-1 

9-7 

27-68 

•028 

-009 

31 

0 

•021 

•021 

•030 

1-56 

15-2 

60 

21-2 

8-80 

•015 

•003 

5-0 

. 

1 

— .- 

— 

44 

6168 

168 

,    -042 

4-0 

•007 

•066 

•      ^073 

•116 

1510 

3-4 

22 

6-6 

6800 

•127 

•029 

44 

•063 

2-937 

8-000 

8-029 

5  40 

279 

145  1    42-4 

1 

1736 

•060 

•016 

37 

0 

•330 

•830 

-346 

245 

1 

1      16 

10-0 

11-6 

3020 

•048 

-018 

27 

0 

•833 

#833 

•851 

205 

171 

65 

28-6 

28-02 

•101 

-083 

5-8 

0 

•210 

-210 

'243 

1-08 

—     1    201 

28*99 

•134 

•025 

5-4 

0 

•226 

-226 

•251 

1-76 

20-9 

41-50 

•049 

•Oil 

4-5 

0 

•446 

•446 

•458 

2-47 

— 

28-5 

1440 

•059 

•014 

42 

•003 

•367 

•870 

•384 

1-70 

— 

60 

41*39 

-068 

•OIG 

4-2 

•054 

•143 

•196 

•196 

2^85 

— 

238 

26-01 

-245 

•054 

4C 

•002 

•231 

•283 

•287 

173 

77 

88 

16-5 

2-95 

-070 

-015 

4-7 

•024 

•003 

•027 

•042 

•22 

_ 

•3 

967 

•322 

-032 

lOl 

-002 

•009 

•Oil 

•043 

1-13 

15 

43 

54 

43-78 

•061 

•018 

3-4 

-010 

•495 

•505 

•523 

511 

168 

9-2 

250 

28-20 

•056 

-013 

4-3 

•001 

•383 

•381 

•397 

249 

ll-O 

75 

18-6 

3898-7 

•278 

•165 

1-7 

•005 

•033 

•088 

•203 

1975-6 

48-9 

7480 

796-9 

Susix 
Mineral. 

mded  Matter. 
Organic.  Total. 

82-4 

4181 

1975 

21 

4-470 

0 

4-476 

6451 

11-54 

17-81 

21-30 

3911 

722 

4-696  ; 

2205 

2-1 

5520 

•003 

5523 

7  728 

106G 

2418 

20-51 

44-69 

4196 

11012 

7  634  ' 

1-4 

1 

5468 

0 

5468 

13102 

20  50 

18-88 

26-44 

46-82 

49-20 

1-282 

•952 

1-3 

1054 

•052 

1-106 

2058 

525 

7-88 

6-56 

14-44 

83-48 

•123 

031 

40 

•0J8 

•300 

•348 

•379 

1 

260 

Trace. 
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Substance  estimated. 


Measure  of  water 
taken. 


Volume  or  weight 
obtained  or  used. 


Factor  for  grains  per 
gallon. 


CI 


»» 


100  c.c.  or  dm.  . 


N  as  HNO3 
(Crum) 


(\  250  c.c. 
-]     250  dm.     . 

('  350dm.(7jV-gal-) 

^1  100  c.c. 

NH3  copper-zinc  )      50  c.c. 

or  aliiminiifm  j  '.  150  dm. 

Cj  100  dm. 

Free  or  Alb.  NH3 


i  c.c.  or  dm.  stan- 
i     dard  AgNOa 
140  dm.  (3V-gal.)  1  dm. 


ft 


:i 


)» 


O  absorbed 


»» 


j» 


Total  solids  . 


50O  c.c. 
700  dm. 

250  c.c. 

350  dm. 

250  c.c. 
350  dm. 


c.c.  of  NO 


jEpi^ms  of  NH3 
grains  of  NII3 


» 


C  c.c.  standard 
I     NH4CI 
dm. 


»> 


j> 


.••» 


( 10,  15,  or  20  c.c. 
*(.     permanganate 

C  10, 15,  or  20  dm. 
i_     permanganate 

grams 
graias 


X       07       =C1 

X       0-5  =C1 

X       0175  =N 

X       0-27  =N 

X       0193  =N 

X    576  45  =N 

X 1152-9  =N 

X      38-43  =rN 

57-64  =N 


0-0014 =NH8 

=  NH3 

1-5  or 


001 
X  0-28  (1  or 

-  !•>■ 

^  X  002  (1  or 

(  ^-  !•) 

X    2800 
X      200 


=  0 

1-5  or 

=  0 


*  A  =  c.c.  or  dm.  of  thiosulphate  solution  corresponding  to  10  c.c.  or  dm.  of  permanganate* 
B=c.c.  or  dm.  of  tbiosulphate  solution  used  after  the  time  of  reaction  is  complete. 


Coefficients  and  Logarithms  for  Volumetric  Analysis. 

CoefBcients. 
Normal  H2SO4 


Normal  HCl 
Nonnal  HNO3 

Nonnal  H2C2O4 
Normal  Acid 


>> 


CoefBcients. 
1  C.c.  =  0049 
„   =0048 
„   =0040 
1  C.C.  =00365 
„  =00355 
1  C.c.  =  0-063 
„  =0062 
„  =0-054 
1  c.c. =0063 
„   =0045 
1  c.c.  =  0017 
=  0-035 
=  0191 
=0037 
=0028 
=  005 
=  0-0855 
-01576 
=  0-0985 
=002 
=  0-042 
=  0-056 
=0-069 
=0-188 
=  0102 
=  0098 
=  0-141 


j» 


j> 


gm 

.    H2SO4 

■  •  •                 t «  t 

»> 

SO4           ... 

►„ 

SO3           ... 

^> 

HCl    ... 

» 

CI       ... 

j> 

HNO3 

>» 

NO3    ... 

»» 

NjOs  ... 

»> 

H2C2O4,  20H 

» 

H2C2O4 

» 

NHs   ... 

)> 

NH4HO 

»» 

NaaBjOylOH. 

.•> 

Ca2H0 

)> 

CaO    ... 

}» 

CaCOa 

•  •  • 

J) 

BaHoOo          

:>> 

BaH20«8H..O 

» 

BaC03           

»» 

MgO  ... 

•  •                 •  •  • 

»» 

MgC03 

.  .                 ... 

*, 

KHO 

•  ■  • 

••> 

K0CO3 



•f 

KHC4H4O6  . 

•  •                 •  •  • 

5» 

KsCgHsO- 

•  •                 •  •  • 

>' 

KC2H3O2 

•  ■                 ... 

>5 

KNaC4H406 . 

•  t                 •  '  . 

Logarithms. 

. .  2-69019 

.  2-68124 

.  2-60306 

. .  2-56229 

,.  2-55022 

. .  2-79934 

..  2-79239 

..  2-73239 

..  2-79934 

..  2-65321 

..  2-23044 

..  2-54406 

. .  1-28103 

.  2-66820 

..  2-44716 

..  2-69897 

..  2-93196 

.  1-19728 

..  2-99343 

..  2-30103 

.  2-62824 

.  2-74818 

.  2-88884 

..  1-27415 

.  1-00860 

.  2-99122 

.  1-14021 


§101. 

Normal  Acid 

Normal  NaHO 
Normal  KHO 
Normal  Na^COj 

Normal  Alkali 


COEFFICIENTS  ASh   LOGARITHMS. 


*/io  Silver 


^lio  Iodine 


^lio  Bichromate 


7io  Thiosulphate 


CoefficienU. 
1  CO.  «004 
„   =0058 
„   =0143 
.,   =0084 

1  c.c.  =  0040 
„   =0031 

1  CO.  =  0056 
„   =0047 

1  0.0=0053 
„  =0030 
„   =0022 

1  0.0.  =006 
„   --=007 
,.   =00365 
„   =00808 
„   -00128 
„   =0063 
„   =0040 
„   =0075 

1  0.0.  =00108 
„   =0017 
„   =0-0D356 
„   =000535 
.,   =000745 
„   =00119 
„   =00103 
„  =00064 

1  0.0. =00032 
.,  =00041 
„  =000405 
„  =00248 
„  =0  0126 
=  00097 
=  00456 
,.  =0051 
„  =00849 
,.  =00348 
„  =00(J96 
„   =00216 

1  0.0.  =00248 
„   =00127 
,.   =000355 
„   =O0OSO 


1  <*.o 


•» 

»> 


>» 


<) 


>nn-  NaHO  

,5    ^ajf^Lij         ...         •• 
NajCOslOHjO 

NaHCOj       

NaHO  

Na-O    .         

IVJuLxJ . ••  •«• 

X».qV^       •  •  •  •  •  • 

•T^ajL'C/j  ttt         •< 

Vy-Ug        ...  ••• 

\u\J-2      ...  ... 

HC^HgO] 

HjCaHiOyHsO 

zjLv'i     ...  ... 

H,  Bj   ... 
HI 

HNO3  

xiaoO^  ... 

AKNO3  

CI 

KCl 

K  Br   ... 

NaBr  

NaiIIA804 

SO3 

HgSOj  

JV.S2W3 ...         ... 

NaaSj035H30 
NajS037HaO 

K2SO82H3O 

FeS04  

FeaSO^H-O 

FeS047H«0    .. 

FeCOj  

Fe304  

FeO 

Sodium  tliiosulpliat« 

X  •  •  •  •  •  » 

CI 

Br      


»» 
»» 


Calcium  (Ca=40) 

1  CO.  */io  permanganate =00028  gm.  CaO 

=  00050  gm.  CaC03  

=  00086  gm.  CaS04,  2OU2 

„        normal  oxalic  aoid  =  0*0280  gm.  CaO 

Cryst.  oxalic  acid  x  0*444     =  CaO         

Double  iron  salt  x007l43  =  CaO         

Chlorine  (CI =3537) 

1  CO.  ^Iio  silver  solution  =  0003545  gm.  CI 

=  0005845  gm.  NaCl  

.,        arsenious  or  tliiosulpliate  solution  =  0003545  gm.  CI 

Chromium  (Cr=52-4) 

Metallic  iron  X  0-3123  =  Cr         

X  0-5981  =Cr03 

X  0-8784=  K-^CrjO;     

X  1-926  =PbCr04     


K 
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Logarithms. 

...  2*60206 

...  2-72427 

...  1-15636 

...  2-92427 

...  2-60206 

...  2-40136 

...  2-74818 

...  2-67209 

...  2-72427 

..  2-47712 

...  234242 

...  2-77816 

...  2*84609 

...  2*56229 

...  2-90741 

...  1-10721 

...  2  79934 

...  2-69019 
2*87606 

...  2-08842 

...  2*23044 

...  3*65022 

...  3*72836 

...  3*87216 

...  2*07654 

...  2-01288 

...  3-80618 

...  360616 

...  3-61278 

...  3-69460 

. . .  2*89445 

...  210087 

...  3*98677 

...  2*66896 

...  2-70767 

...  2-92890 

...  2-64157 

...  2*84260 

...  2-83446 

...  2-39446 

...  2-10380 

...  3-65022 

...  3-90309 

...  344715 

. . .  3  69897 

. . .  3  93449 

...  2-44715 

...  1-64738 

...  2-85388 

. . .  3-54863 

...  3  76618 

..  3  54868 

.  1-49457 

...  1-77677 

..  1-94369 

...  0-28466 

K  2 
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Chkomium  (Cr=-52'4) 

Double  iron  salt  x 00446 = Cr 

X  00854  =  Cr03 
X  01255  =  K«Cr20;     ... 
X  0-275   =PbCr04 
1  c.c.  ^Iio  solution  =0003349  gm.  CrOj 

=  000492  gm.  K^CraO; 


»» 


COPPEE  (Cu  =  63) 

1  c.c.  «/io  solution =O'O063  gm.  Cu     

Iron  X  1*125= copper       

Double  iron  salt  x  0'1607  =  copper 

Cyanookn  (CN=26) 
1  c.c.  ^/lo  silver  solution =00052      gm.  CN 

=  00054      gm.  HCN 

=  001302    gm.  KCN 

M    ^/lo  iodine  =0003255  gm.  KCN 

Potassium  Feeeocyanide  (K^FeCyg,  30H.2=422) 
Metallic  iron       x  7*541  =cryst.  potassium  ferroc3'nnide 
Double  iron  salt  X  1077=     „  „ 

Potassium  Feebicyaxide  (K6Fe3Cyi2=658) 

Metallic  iron         x  5'88     =  ])otassium  f erricyanide    .. 
Double  iron  salt    x  168     = 
»/lO  thiosulpliate  X  0*0329  = 

Gold  (Au  =  196'5) 

1  c.c.  norm.il  oxalic  acid =0*0655  gm.  gold       

Iodine  (1  =  127) 

1  c.c.  ^/lo  thiosulpluate  =  001 27  gm.  iodine 

lEON  (Fe  =  56) 

1  c.c.  ^Iio  permanganate,  bichromate,  or  thiosulphat^  = 


Logaxithms. 

2-64933 
2-93145 
1-09864 
1-43933 
3-52491 
3-69196 


3-79934 
005115 
1-20601 


3-71600 
3-73239 
2-11461 
3-51255 


0-87742 
003221 


0-76937 
0-22530 
2-51719 

2-81624 
2-10209 


Lead  (Pb= 206-4) 

1  c.c.  "^Iio  permanganate  =  001032  gm.  lead  ... 
1  c.c.  normal  oxalic  acid =01032  gm.  lead    ... 

Metallic  iron  x  1*842  =  lead  

Double   iron    salt  x  0263= lead  


Manganese  (Mn  =  55) 

MnO  =  71.     Mu03=87. 
Metallic  iron  x  0*491     =  Mn 

X  0*63393  =  MnO    .. 

X  0-7768  =MnO.,  .. 

Double  iron  salt  x  0*0911  =  MnO  "... 

xOlll   =MnO«  ... 
Cryst.  oxalic  acid  x  0-6916  =  MnO.j 
1  c.c.  ^/lo  solution  =  000355  gm.'MnO 

=000435  gm.  MnO.> 


»> 


*> 


>' 


Mebcuby  (Hg=200) 

Double  iron  salt  x  0*5104  =  Hg 

x0-6914  =  HgCl2 
1  c.c.  ^/lo  soliition  =  00200  gm.  Hg    ... 

=0  0208  gm.  Hg.,0 
=  0*0271  gm.  HgCl., 


5' 


0-0056  Fe 

3*74818 

00072  FeO 

385733 

00080  FejOa 

3-90339 

•  •  •       *  •  • 

2-01367 

•  •  •       •  *  • 

1-01367 

... 

0-26528 

•  •  •       .  •  • 

1-41995 

1-69108 

1-80204 

1-89030 

2-95951 

*  •  •       •  •  • 

1-04532 

1-83985 

3-56022 

•  •  •       •  •  • 

3-63848 

1-70791 

•  •  ■       •  «  • 

1-83972 

2-30103 

•  •  t       •  •  • 

2-31806 

•  •  i       •  •  • 

2-43296 
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XiTHotJEX  A8  Nitrates  and  Nitrites  (X204= 108.    N203= 
Normal  acid  x  0*0540 =N.>05    .. 

x01011  =  KN03.. 
Metallic  iron  x  03750  =  KNO3  . . 

X  0-6018  =KN03.. 

xO-32U  =  N205    .. 

Silver  (Ag= 107-88) 

I  c.c.  ^Iio  NaCl  =  0-0107SH  ^m.  Ag, 

=0016C«)8gni.  AgN03 

SrLPHU retted  Uydrck^ex  (H2S  =  34) 

1  c.c.  */io  araenious  solution  =  0-0(.)255  gm.  H-jS 

Tin  (Sn  =  118) 

Metallic  iron  X  10536  =  tin        

Double  iron  salt  X  0-1505  =  tin 

Factor  for  */io  iodine  or  i>ennanganate  solution  0-0059 

Zi>'C  (Zn  =  65) 

MetiUic  iron  x  0-5809  =  Zn 

X0724  =ZnO        .. 
Double  iron  «ilt  x  008298  =  Zn 

X  01034  =ZnO 
1  c.c.  ^Iio  wlution  =  0'(X)325  gni.  Zn  .. 


76)  LoKarithnui. 
2-78239 
1-00476 
1-57403 
1*77945 
1*50704 


2*03205 
222957 


.     3-40654 


0-02267 
1*17763 
3-77085 


1-76410 
1*85973 
2-91897 
1-01452 
3-51188 
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ADDENDA  TO   PARTS   IL,   III.   AND  VI. 

AMMONIACAL  LIQUORS. 

Since  the  conclusions  on  the  methods  of  analysis  of  ammoniacal 
liquors  were  summarized  in  §  19.4  occasion  has  arisen  for  the  exact 
estimation  of  small  quantities  of  hydrocyanic  acid  often  present  in 
such  liquors,  and  a  niethod  has  been  devised  and  communicated  by 
E.  Linder,  a  clever  experimental  chemist  in  the  laboratory  of  the 
Chief  Inspector  under  the  Alkali  Works  Regulations  Acts,  from 
whom  also  the  foriner  contribution  came  relating  to  tlie  various 
compounds  exiating  in  ammoniacal  liquors  (page  77).  Opportunity 
has  not  yet  occurred  for  extended  trial  of  this  method  on  a  variety 
of  liquors  from  various  sources,  but  it  has  l)een  sufficiently  established 
to  deserve  mention  here. 

1.  Sulphocyanide  present,  ferrocyanide  absent.— 50  c.c.  of 
the  liquor  are  added  to  25  c.c.  of  20  per  cent,  lead  nitrate  solution,  diluted  to 
about  130  c.c.  in  flask  attached  to  a  condenser  and  receiver  similar  to  that 
employed  for  estimation  of  ammonia  (pp.  72,  73)— the  receiver  being  charged 
with  10  c.c.  of  caustic  soda  solution  free  from  nitrites  (sp.  gr.  about  1.2) — 25  c.c. 
of  40  per  cent,  tartaric  acid  solution  are  now  run  into  the  flask  through  a  side 
tube  sealed  in  the  liquid,  and  distillation  continued  for  15  minutes.  The  contents 
of  the  receiver  are  then  made  up  to  150  c.c,  and  the  c^^nide  determined  by 
titration  with  ^/lo  silver  nitrate,  or  by  ^/lo  iodine  in  the  usual  wa}'. 

1  c.c.  N/io  A gNo3= 001302  KCN  grams. 
1  c.c.  ^Iio  iodine =0003255 

2.  Sulphocyanide  and  ferrocyanide,  both  present.— Ferro- 
cyanide of  lead  is  slowly  decomposed  in  boiling  solution  by  tartaric  acid  with 
evolution  of  hydrocyanic  acid ;  this  causes  the  figure  for  hydrocj'^anic  acid,  as 
determined  above,  to  slightly  exceed  its  proi)er  value.  AVhen  ferrocyanide  is 
present,  therefore,  one  to  two  grams  of  ferric  nitrate  or  chloride  should  be  added 
to  the  flask  after  addition  of  the  tartaric  acid  and  before  distillation  commences ; 
by  this  means  the  ferrocyanide  is  converted  into  PriLssian  blue,  which  evolves  no 
hydrocyanic  acid  under  the  conditions  named. 


CYANOGEN. 

A  new  method  for  the  analysis  of  cyanides  has  l)een  introduced  by 
J.  McDowall  {C.  N.  Ixxxix.  229)  as  follows: — 

If  the  blue  solution  produced  by  adding  ammonia  to  a  cupric  salt  is  added  to 
potassium  cyanide,  the  colour  disappears  imtil  a  certain  quantity  of  the  coloured 
solution  has  been  added ;  then  it  ceases  to  be  decolorized.  On  account  of  the 
intense  colour  it  seemed  that  it  would  make  a  good  standard  solution  for  volu- 
metrically  determining  the  amount  of  cyanogen  present  in  the  presence  of 
chlorides. 

The  standard  solution  was  made  b}'  dissolving  25  gm.  of  copper  sulphate  and 
ix)uring  the  solution  into  a  liter  flask,  then  adding  distilled  water  till  the  flask 
was  half  filled ;  ammonia  >vas  then  added  till  a  clear  blue  liquid  was  produced ; 
the  liquid  was  then  diluted  up  to  the  mark.  The  solution  was  standardized  by 
weighing  out  0*5  gm.  chemically  pure  potassium  cyanide,  dissolving  in  100  c.c. 
water,  and  adding  5  c.c.  of  ammonia.    The  blue  solution  was  then  run  in  with 
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constant  stirring  until  the  colour  began  to  di8api)ear  slowly,  and  then  drop  by 
drop.  The  finish  is  very  sharp,  one  drop  being  sufficient  to  tinge  the  solution 
a  light  blue  colour,  very  conspicuous  against  a  white  surface. 

Experiments  were  niade  to  see  if  chlorides  had  any  action,  and  it  was  foimd 
that  they  had  not. 

The  method  is  therefore  as  accurate  as  the  silver  assay,  and  chlorides  do  not 
interfere.  It  has  the  advantage  over  the  silver  method  of  not  being  acted  on  by 
light,  and  at  much  less  cost,  a  matter  of  some  importance  where  many  assays  of 
cyanides  liave  to  be  done  daily.  It  has  also  a  coloured  finish,  which  is  preferable 
to  turbidity  in  volumetric  work.  It  is  useful  in  mining  districts  as  a  speedy  and 
accurate  method  for  determining  the  purity  of  the  potassium  cyanide  used  for  the 
extraction  of  gold. 

ESTIMATING  THE   HABDNESS   OF  WATEBS. 

The  methoil  as  arranged  by  He  liner  is  descrihecl  in  §  18.5,  hut 
a  paper  read  before  the  Yorkshire  section  of  the  Society  of  Chemical 
Industry,  by  H.  H.  Procter,  modifies  the  method  somewhat,  and 
leads  in  many  cases  to  ^reat4»r  accuracy.  The  following  is  a  part  of 
that  paper  as  written  by  him  (J.  S.  C.  I.  xxiii.  8).  The  greater  i»art 
lias  relation  to  the  tt'chnical  plans  of  water  softening  for  steam  lx)iler8 
and  other  purposes. 

Ilehner  titrates  the  temporary  or  bicarbonate  liardness  with  */io  HCl.  using 
methyl  orange  as  an  indicator,  which  is  practically  insensitive  to  carbonic  acid. 
The  method  gives  very  exact  results  if  certain  precautions  are  taken.  Methyl 
orange  is  the  sodium  salt  of  a  colour  acid  of  moderate  strength,  and  the  change 
from  the  yellow  salt  condition  to  the  red  colour  of  the  free  acid  marks  the  end 
point,  which  is  sharp  and  exact  when  working  with  strong  mineral  acids  »»d 
with  normal  solutions.  Even  in  this  case  it  is  desirable  to  use  the  smallest 
possible  amount  of  the  indicator,  but,  in  working  with  */io  solutions,  the 
amount  of  acid  required  to  completely  decomi)ose  tlie  colour  salt  becomes  very 
perceptible,  and  the  change  from  yellow  to  red  is  not  iiLstantaneous,  but  passes 
through  orange  to  pink  with  the  consumption  of  an  appreciable  amount  of  acid. 
Thus  it  was  found  that,  asing  a  10  gm.  per  liter  solution  of  the  indicator  in 
25  c.c.  of  water  fretnl  from  carbonic  acid  by  previous  lx)iling,  the  following 
quantities  of  */io  HCl  were  required  to  produce  a  clear  pink :— 8  drops  of 
methyl-orange  solution  =  ro  c.c,  4  drops=0"5  c.c,  2  drops=0'5  cc.  As  even 
0*5  cc  in  titrating  100  cc.  of  water  would  correspond  to  2'5  i>arts  of  liardness 
l)er  100,000,  and  there  is  always  a  (luestion  as  to  wliat  particular  colour 
corresponds  to  the  neutral  iK)int,  the  following  procedure  may  be  recommended. 
To  loo  cc  of  distilled  water,  one  drop,  or  some  other  definite  quantity  of  the 
indicator  is  addetl,  and  titrated  to  orange,  or  to  the  tint  to  the  change  of  which 
the  eye  of  the  individual  o|K'rator  is  most  sensitive.  The  water  of  which  the 
hardness  is  to.be  determined  is  similarly  titrated  with  the  .same  quantity  of 
indicator,  and  in  a  similar  l)eaker,  until  it  exactly  matches  the  distilled  water, 
and  from  the  amount  of  acid  so  used  the  quantity  is  deducted  as  a  correction 
which  was  re<|uired  to  pro<luce  the  same  colour  cliange  with  distilled  i^-ater  only. 
The  results  so  obtained  accurately  correspond  with  those  got  by  using  alizarin  as 
an  indicator  in  boiling  solution,  though  in  the  latter  method  the  end  reaction  is 
sliarper.  It  may  Ik?  noted  that  methvl  orange  is  not  absolutelv  unaflfected  by 
carbonic  acid,  a  somewliat  cn)cus-yeliow  being  attained  iimtead  of  the  lemon 
yellow  reached  with  pure  boiled  water,  but  the  difference  is  insufficient  to 
interfere  with  its  satisfactory  iu»e  as  an  indicator. 

Hehner's  method  for  the  determination  of  ])ermanent  hardness  is  less 
satisfactory  than  the  foregoing.  It  consists  in  evaporating  100  c.c  of  the  water 
to  dryness  with  a  known  excess,  say  20  c.c,  of  ^/lo  sodium  carbonate  solution, 
taking  up  the  soluble  matter  with  cold  distilled  water,  filtering  off  the  precipitated 
calcium  carbonate  and  magnesia  on  a  small  filter,  washing  the  precipitate  with 
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cold  vvater,  and  titrating  back  the  excess  of  sodium  carbonate  in  the  filtrate  with 
methyl  orange  or  rosolic  acid  as  indicator.     With  lime-hardness  only,  and  with 
the  precautions  above  described,  the  method  may  be  pronounced  fairly  satis- 
factory ;  with  magnesia,  it  is  well  not  merely  to  evaporate  to  dryness  but  to 
slightl}^  heat  the  residue  to  thoroughly  decompose  any  magnesium  carbonate 
present,  and  even  then,  the  washing  should  not  be  excessive,  as  calcium  carbonate 
is  soluble  to  the  extent  of  3  parts  per  100,000,  and  magnesia  to  about  2*5  parts. 
A  more  accurate,  as  well  as  a  more  rapid  method  is  to  employ  a  fair  excess  of 
sodium  carbonate,  and  to  make  up  the  solution  to  a  known  volume,  say  100  c.c, 
and  pipette  off  an  aliquot  part  for  titration,  as  the  presence  of  excess  of  sodium 
carbonate  materially  reduces  the  solubility  both  of  calcium  and  magnesium 
carbonates.     Both  these  methods,  however,  should  be  superseded,  where  really 
accurate  work  is  required,   by   those  introduced  by   Pfeifer  and  Wartha 
(Z.  a.   C,  1902,  198).     That  for  the  determination  of  temporary  hardness  is 
identical  with  that  of  Hehner,  except  that,  in  place  of  methyl  orange,  a  drop  of 
a  mixture  of  about  1  gm.  of  the  purest  alizarin  paste  in  200  c.c.  of  distilled  water 
is  employed.     This  indicator  is  surprisingly  sensitive ;  even  more  so  I  think  than 
phenolphthalein,  but  as  it  is  unfortunateh'  affected  by  carbon  dioxide,  it  is 
necessary  to  complete  the  titration  at  a  boiling  temperature.     The  change 
is  from  violet  in  alkaline  solution  (perhaps  slightly  varying  in  shade  with  the 
nature  of  the  particular  base  present)  to  a  perfectly  clear  pale  lemon-yellow 
when  neutral  or  acid.    The  titration  of  the  water  should  be  done  with  ^/lo  HCl 
or  H2SO4  in  a  silver,  platinum,  or  hard  porcelain  basin.     The  acid  should  be 
added  in  the  cold  till  the  violet  shade  gives  place  to  a  clean  yellow,  and  the  liquid 
then  brought  to  a  boil,  when,  with  the  escape  of  carbonic  acid,  the  violet  colour 
will  return,  and  should  at  once  be  destroyed  by  the  addition  of  another  drop  of 
the  acid,  and  so  on,   until   no  further  cliauge  of  colour  takes  place.     It  is 
undesirable  to  boil  the  indicator  long,  esi)ecially  in  an   alkaline  condition, 
as  a  violet  deposit  is  formed  on  the  sides  of  the  basin,  presumably  of  calcium  and 
magnesium  alizarates,  which  can  only  be  dissolved  by  excess  of  acid,  and  is  thus 
apt  to  cause  perceptible  errors.    In  place  of  titrating  to  exact  neutrality,  the  acid 
may  be  added  in  very  small  excess,  and  the  whole  of  the  liberated  carbon  dioxide 
lx)iied  off  at  once,  and  the  solution  then  brought  back  to  neutrality  by  ^/lo 
NaOH,  the  solution  boiled  for  a  moment,  and  the  titration  completed.     The 
results  in  either  case  are  exact,  a  fraction  of  a  drop  of  alkali  changing  the  clear 
lemon  colour  to  a  dirty  yellow.     If  100  c.c.  of  water  are  used,  multiplication  of 
the  c.c.  of  acid  by  5  gives  the  temporary  hardness  in  parts  of  CaCOa  per  100,000. 
The  boiling  must  in  no  case  take  place  in  an  ordinary  glass  beaker  or  flask,  as  an 
amount  of  alkali  is  dissolved  which  may  lead  to  serious  inaccuracy.     Even  hard 
Jena  glass  is  not  free  from  this  effect,  though  the  amount  dissolved  is  so  small 
that  for  most  practical  purposes  it  may  be  neglected.     The  following  experiment 
will  illustrate  the  point.     100  c.c.  of  distilled  water  boiled  for  an  hour  (with 
additions  to  maintain  the  volume  in  a  Berlin  porcelain  basin)  showed  no  alkalinity 
or  colour-change  with  alizarin ;  in  a  Jena  flask  a  perceptible  change  of  colour  was 
visible,  but  pure  yellow  was  restored  with  one  drop  of  ^/lo  acid,  while  when 
boiled  in  an  ordinary  Bohemian  flask,  0*4  c.c.  of  acid  was  consumed,  and  if  the 
neutralized   liquid  were   boiled  further  it  again   became  alkaline,  and  further 
additions  of  acid  were  required,  so  that  no  coincident  results  could  be  obtained. 
AVith  the  })recautions  named,  the  results  with  a  known  solution  of  hydric  calcic 
carbonate  containing  only  55  parts  of  temporary  hanlness,  and  whether  titrated 
alone  or  with  additions  of  magnesium  sulphate,  were  accurate  mthin  one  part  in 
100,000,  and  experiments  with  other  quantities  were  equally  satisfactory. 

In  the  determination  of  permanent  hardness,  Pfeifer  and  Wartha,  in 
addition  to  the  use  of  alizarin  as  indicator,  have  introduced  the  important 
improvement  of  replacing  the  sodium  carbonate  of  Hehner's  method  by 
a  mixture  of  equal  parts  of  ^/lo  sodium  carbonate  and  hydroxide  solutions 
AVhile,  as  has  been  already  explained,  sodium  carbonate  perfectly  precipitates 
calcium  salts  as  carbonates  on  merely  lx)iling,  it  becomes  necei*sary  to  evaporate 
to  dryness  and  to  heat  whenever  any  magnesium  salt  is  present,  in  order  to 
convert  magnesium  carbonate  into  oxide,  since  magnesium  carbonate  is  not 
sufficiently  insoluble.     In  presence  of  sodium  hydroxide,  however,  the  magnesium 
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carbonate  is  at  once  converted  into  magnesium  hydroxide,  and  perfectly  efficient 
precipitation  is  obtained  by  merely  boilinjc  for  some  time  with  sufficient  excess 
of  the  reagent.  A  good  excess,  say  50  per  cent,  or  more,  is  essential,  not  only 
because  it  is  impossible  to  say  before  analysis  what  proportion  of  sodium 
carbonate  and  wliat  of  caustic  will  be  required,  but  because  the  presence  of  the 
CO3  ions  of  the  sodium  carbonate  in  the  solution  j^reatly  lessens  the  solubility  of 
the  calcium  carbonate,  and  similarly  the  OU  ions  of  the  sodium  hydroxide  lessen 
that  of  the  magnesium  hydroxide.  Unless  the  water  is  extremely  hard,  60  c.c. 
of  the  ^/lo  mixed  solution  to  200  c.c.  of  i>-ater  is  a  convenient  and  sufficient 
quantity.  The  mixture  may  be  boiled  until  reduced  within  200  c.c.  in  a 
platinum  or  porcelain  basin,  or,  more  conveniently,  and  with  no  material  loss  of 
accuracy,  in  a  300  c.c.  Jena  flask,  but  on  no  account  in  ordinary  Bohemian 
glass.  Even  the  Jena  flask  will  become  perceptibly  etched  at  the  water  line  if 
vuned  repeatedly.  The  solution  after  cooling,  is  made  up  to  200  c.c.  with  distilled 
water  in  a  gauged  flask,  and  allowed  to  stand  till  the  precipitated  bases  have 
settled,  and  100  c.c.  is  pipetted  or  siphoned  off  and  titrated.  As  the  quantity 
named  corresi>onds  to  UK)  c.c.  of  the  original  water,  and  25  c.c.  of  ^/lo  alkali, 
the  difference  between  the  acid  actually  used  and  25  c.c.  will  correspond  to  the 
amount  of  alkali  neutralized  by  the  acids  of  the  {permanent  hardness,  and 
multiplied  by  5  will  give  the  latter  in  terms  of  m.gms.  per  100,000  calculated  as 
calcium  carbonate.  The  temporary  hardness  will  also  be  precipitated ;  but,  con- 
taining no  fixed  acids,  will  not  interfere.  Pfeifer  employs  the  water  which  has 
been  neutralized  in  the  titration  of  temjjorary  hardness,  in  place  of  the  original 
water.  In  this  case  the  result  obtained  will  represent  total  hardness,  from  which 
the  i)ermanent  liardness  is  obtained  by  deducting  the  temporary.  In  place  of 
allowing  the  precipitate  to  settle,  the  solution  may  be  filtered  through  a  small 
filter,  which  is  carefully  \%'ashed  with  the  solution,  of  which  the  first  50  c.c.  or  so 
is  rejected,  as  filters  are  rarely  absolutely  free  from  acidity  or  alkalinity,  and 
even  if  at  first  jjerfectly  neutral,  easily  absorb  acids  or  ammonia  from  the 
laboratory  air,  unless  very  carefully  protected.  Many  irregularities  occurred  in 
the  determinations  until  this  source  of  error  was  detected.  15  cm.  filters  of 
thrt^  different  makes  were  macerated  with  distilled  hot  water,  and  proved  in  all 
cases  alkaline  to  methyl  orange  and  acid  to  phenol phthalein,  the  difference 
between  the  two  indicators,  +  or  — ,  amounting  in  each  case  to  about  0*75  c.c. 
of  ^lio  solution.*  A  case  must  now  be  considered  which  is  not  very  infrequent 
in  waters  of  this  district.  It  occasionally  happens  that  in  the  determination  of 
I»ennanent  hardness,  a  larger  quantity  of  acid  is  required  to  neutralize  the 
mixture  than  corresponds  to  the  volume  of  ^/lo  alkali  which  has  been  added, 
and  tliat  therefore  the  iKTinanent  hardness  would  appear  as  a  minus  quantity. 
This  somewhat  puzzling  result  is  due  to  the  presence  of  sodium  carboivate  in  the 
original  water,  which  in  this  case  can  have  no  permanent  hardness  other  than 
tliat  due  to  the  solubility  of  calcium  carbonate,  which  cannot  be  removed  by 
softening,  but  which  is  not  reckoned  in  the  above  methods  of  analysis,  though  it 
is  counted  in  the  soap  test.  Where  sodium  carbonate  is  thus  found,  a  pro- 
^►ortionate  amount  must  be  deducted  from  the  temporary  hardness.  If  the  total 
hardness  after  neutralization  is  determined  by  Pfeifer  s  method,  the  presence 
of  sodium  carbonate  will  be  indicated  by  the  total  hardness  coming  out  as  less 
than  the  temiwrary,  the  difference  being  obviously  the  alkalinity  due  to  the  soda ; 
each  part  of  hardness  corresiwnding  to  r06  part  of  sodium  carbonate.  Since  in 
the  ordinary  metho<ls  of  water  softening,  lime  is  precipitated  as  carbonate,  but 
magnesia  as  oxide,  with  the  consumption  of  a  double  quantity  of  caustic  lime  or 
caustic  alkali,  it  is  impossible  from  hardness-determinations  alone  to  calculate 
the  materials  required  for  softening,  or  the  actual  weights  of  the  Koses  titrated, 
so  long  as  it  is  uncertain  whether  or  in  what  proportion  magnesia  is  present. 
Pfeifer  determines  this  in  the  following  manner: — 100  c.c.  of  the  water  is 
neutralized  with  ''/lo  acid  in  presence  of  alizarin,  in  boiling  solution,  exactly  as 

•In  coudrinatioD  of  thw  defect  in  filter  pfti)er8  Lenormand  ban  griven  the  history  of 
Home  experiments  with  various  papers  ((.'.  A .  Ixxxix.  229).  and  come8  to  the  conclusion  that 
in  the  amilj-His  of  either  fresh  or  salt  waters  they  should  never  be  filtered  but  allowed  time 
to  settle  clear,  and  in  that  state  used  in  the  analysis  of  waters  for  dissolved  organic 
matters. 
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in  the  determination  of  temporary  liardness,  which  may  be  combined  with  tliat  of 
magnesia.  A  known  quantity  of  clear  limewater  (25  or  50  c.c.)  which  should  be 
at  least  50  per  cent,  in  excess  of  that  required  for  precipitating  the  magnesia 
present,  is  measured  into  a  200  c.c.  flask,  the  hot  neutralized  solution  is  rinsed  in 
with  boiling  distilled  water  free  from  carbonic  acid,  and  made  up  with  the  latter 
to  5  c.c.  above  the  mark  to  allow  of  contraction  in  cooling ;  the  flask  is  tightly 
corked  or  stoppered,  and  well  shaken  to  mix,  for  which  purpose  the  neck  above 
the  mark  must  be  a  long  one,  and  set  aside  to  cool  and  settle.  Though  not 
essential,  it  probably  increases  the  completeness  of  the  precipitation  if  the  corked 
flask  is  heated  for  half  an  hour  or  so  on  the  water- bath.  I  prefer  to  allow 
sufficient  time  for  the  liquid  to  completely  clear,  and  to  pipette  off  100  c.c.  to 
titrate  back  with  ^/lo  acid,  which  may  be  done,  cold  with  phenolphthalein;  or 
hot  with  alizarin  with  equal  accuracy:  Pfeifer  filters,  but  in  this  case  the 
strengtli  of  the  lime\vater  must  be  determined  by  a  blank  experiment  conducted 
in  exactly  the  same  way  with  distilled  water ;  and  it  is  better  to  reject  the  first 
50  c.c.  in  each  case  to  avoid  error  from  want  of  neutrality  of  the  filter-paper,  and 
great  care  must  be  taken  to  filter  rapidly,  and  to  avoid  possibilities  of  carbonation 
by  the  atmosphere,  for  which  purpose  a  suction  filter  with  a  perforated  porcelain 
disc,  covered  with  a  neally-fitted  disc  of  filter-paper  answers  well.  If,  on  the 
other  hand,  the  liquid  is  settled  and  pipetted,  the  risk  of  carbonation  is  so  small 
that  an  equal  quantity  of  the  same  limewater  may  be  measured  direct,  and 
titrated,  using  the  same  indicator  as  has  been  employed  for  the  water, 
phenolphthalein  in  the  cold  being  on  the  whole  preferable.  Deducting  the  ^/lo 
acid  required  for  the  mixture  of  limewater  and  water  from  that  employed  for  the 
limewater  alone,  and  multiplying  the  difference  by  five,  gives  the  hardness  due  to 
magnesia  in  terms  of  m.gms.  of  calcium  carbonate  per  100.000,  from  which 
actual  Mg  may  be  reckoned  by  multiplying  by  0*24  ;  or  MgO  multiplying  by 
0*4.  Carefully  conducted,  the  method  is  extremely  exact,  its  accuracy  being 
quite  equal  to  that  of  the  detenuination  of  hardness,  and  probably  superior  to 
that  of  any  gravimetric  method  for  such  minute  quantities.  The  theory  of  the 
process  is  that,  while  calcium  hydrate  will  precipitate  magnesia,  it  has  no  action 
on  lime  salts ;  and  a  good  excess  of  lime  serves  not  only  to  quicken  the  reaction 
but  to  diminish  the  solubility  of  the  magnesia.  If  iron  is  present  it  will  of 
course  be  reckoned  with  the  magnesia,  and  should  be  determinwl  colori metrically 
with  thiocyanate  (also  a  process  of  great  accuracy  for  small  quantities),  and 
deducted.  It  may  be  assumed  that  it  is  present  in  the  ferric  state,  and  that 
therefore  0*24  of  Mg.  corresponds  to  0  3733  of  Fe.  Aluminium,  if  present, 
would  behave  like  iron,  any  traces  of  alumina  dissolved  by  lime  having  no  eflFect 
(on  phenolphthalein  at  least),  but  it  is  rare  that  more  than  traces  of  alumina 
exist  in  natural  waters,  though  it  would  have  to  be  reckoned  with  in  river-waters 
receiving  manufacturing  effluents,  and  its  estimation  would  not  be  particularly 
easy.  Possibly  a  colorimetric  method  with  alcoholic  extract  of  logwclod  or  some 
other  mordant  dj-estuff  might  be  devised  where  the  water  was  required  for 
dyeing,  but  it  is  not  likely  that  it  would  introduce  any  material  error  into  water- 
softening  calculations,  and  it  would  be  removed  with  the  other  impurities. 
Having  determined  the  magnesia,  or,  more  strictly,  the  acid  with  which  it  and 
any  other  bases  are  combined  which  are  precipitable  by  lime,  it  becomes  possible 
to  calculate  the  calcium  present  in  the  water,  by  deducting  the  magnesia-hardness 
from  the  total  hardness,  and  calculating  the  remainder  into  Ca  by  multiplication 
by  0'4.  The  carbon  dioxide  present  as  hydric  carbonate  is  given  in  jmrts  i)er 
100,000  by  multiplication  of  the  temporary  hardness  by  0*88  for  COj  or  1*2  for 
CO3.  AVhen  the  proportion  of  hardness  due  to  magnesia  is  known,  it  is  possible 
to  calculate  the  quantities  of  lime  and  sodium  carbonate  required  for  softening, 
since  magnesium  salts,  as  has  been  stated,  cannot  be  satisfactorily  removed  as 
carbonates,  but  must  be  converted  into  hydroxides  by  lime  or  some  other  caustic 
alkali;  and  this  applies  to  the  i>ermanent  hardness  which  is  converted  into 
carbonate  by  sodium  carbonate,  as  well  as  to  the  bicarbonate  reduced  to  carbonate 
by  lime.  Thus  each  equivalent  of  magnesia  present  requires  an  additional 
equivalent  of  lime  beyond  that  required  by  the  corresponding  calcium  salt. 
Pfeifer  gives  a  formula  for  this  purpose,  calculated  for  German  degrees  of 
hardness,  which  are  reckoned  in  parts  per  100,000  of  CaO  instead  of  parts  of 
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CaCOj  as  is  customary  in  France  and  England.  I  liave,  therefore,  taken  the 
liberty  of  transposing  it  into  terms  of  parts  of  CaCOa  per  100,000.  H^  in  the 
formula  signifies  temporary,  and  Hj)  permanent  liardness,  and  Urn  hardness  due 
to  magnesia,  whether  temporary  or  permanent.  The  quantities  given  are  in. 
m.gms.  per  liter,  gms.  per  cubic  meter,  or  lb.  per  100,000  gallons  of  the  water  to 
be  treated.  5'6  (H<  + H»ii)=«lime  (CaO)  required;  106  H^=dry  sodium 
^rbonate;  or  28^6  Hp=j*oda  crystals  (NajCOs.  lOHjO).  If  only  temporary 
hardness  is  to  be  softened  by  liming  only,  the  quantity  required  is  5*6 
(Rt  +  Hm  -  H/>)  if  Hm  is  larger  than  11^,  but  if  not,  only  the  temporar>'  hard- 
ness need  be  taken  in  account.  Finally,  for  softening  with  sodium  hydroxide 
and  sodium  carbonate  only,  which  is  sometimes  convenient  for  small  boiler 
installations,  we  have  8  (H/  +  Hw)=NaOH  required;  10*6  lip-{Rf  +  Um) 
— Na^COj  required.  Consequently,  if  the  water  has  less  permanent  hardness 
than  the  sum  of  the  tem]>orary  and  magnesia  hardness,  it  cannot  be  softened 
completely  in  this  way  ^-ithout  leaving  excess  of  sodium  carbonate  in  the  water. 

Some  waters  contain  large  quantities  of  dissolved  free  carbon  dioxide  in 
addition  to  the  '*  half-combined  *'  present  as  temporary  hardness,  and  though 
this  is  not  included  in  any  hardness  determination,  it;^  of  course,  combines  ^ith 
and  renders  useless  an  equivalent  quantity  of  the  lime  added  for  softening,  and 
must,  therefore,  be  taken  into  account  in  reckoning  the  lime  required.  The 
free  CO^  is  easily  estimated  by  a  method  described  in  §  23  p.  99.  100  c.c.  of  the 
water  is  titrated  slowly  with  */io  solution  of  Na^COs  and  phenolphthalein, 
till  a  tinge  of  permanent  pink  is  produced,  when  the  number  of  c.c.  used, 
multiplied  by  2'2,  will  give  the  parts  of  COj  per  100.000,  or  with  multiplica- 
tion by  2'8  will  give  the  weight  of  lime  required  to  remove  it.  Of  course,  such 
a  determination  is  of  no  use  unless  there  is  some  security  that  the  sample  of 
water  really  represents  the  average,  and  has  not  lost  carbonic  acid  by  exjMwure. 
The  reaction  depends  on  the  fact  that  sodium  bicarbonate  is  neutral  to 
phenolphthalein,  while  the  normal  carbonate  is  alkaline.  It  must  be  remembered 
that  the  theoretical  quantity  of  precipitants  does  not  alin-ays  give  the  best 
practical  results,  owing  to  difficulties  of  settling  and  filtration,  and  in  some  cases 
ii  is  necessary  to  be  content  with  less  than  the  theoretical  softening  (see 
Archbutt  and  Deeley,  J.  S.  C.  /.,  1891,  511). 

THE   EXTENSION   OF   THE   lODOMETBIC   SYSTEM. 

This  has  l>een  alluded  to  in  §  38,  j)age  134,  but  the  following  is 
a  imper  contributed  to  the  Jf/uniaf  of  thp  An/^n'f'an  Chemical  Society 
by  L.  W.  Andrews  (Vol.  xxv.  No.  7). 

Titrations  with  Fota438ium  lodate. 

As  is  well  known,  when  potassium  iodide  is  titrated  with  chlorine  water  in 
a  neutral  solution,  the  reaction  which  takes  j)lace  is  expressed  by  the  equation — 

KI  +  aCls  +  SH-jO-KCUHIOa  +  SHCl    .     .     (1). 

On  the  other  liand,  it  may  not  be  so  well  known  that  if  a  large  excess  of  free 
hydrochloric  acid  is  present  during  the  titration,  chloroform  or  carbon  tetra- 
chloride being  used  as  before  for  an  indicator,  the  reaction  will  be — 

KI  +  Cl,  =  KCUICl (2). 

In  both  cases  the  end  of  the  reaction  is  shown  by  the  immiscible  solvent 
becoming  colourless.  If  instead  of  chlorine  water  we  titrate  with  a  solution  of 
potassium  iodate,  the  stage  at  which  the  reaction  stops  is  likewise  dei)endent 
ujwn  the  concentration  of  the  acid.  If  this  be  low,  the  reaction  goes  no  further 
than  to  set  the  iodine  free  in  accordance  with  the  equation  — 

5KI  +  KI03  +  6HCl  =  6KCl  +  3L  +  3H.p  .     .     (3), 

while  if  a  great  excess  of  hydrochloric  acid  is  present  the  reaction  runs— 

2KI  +  KI03  +  6HC1  =  3KGU3IC1  +  3H20     .     (4), 
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the  immiscible  solvent  remaining  violet  in  the  former  case  (No.  3),  but  in  the 
latter  becoming  colourless,  while  the  supernatant  solution  turns  bright  yellow 
from  the  iodine  cliloride.  The  probable  explanation  of  this  behaviour  is  that 
iodine  chloride,  as  the  salt  of  a  very  weak  base,  undergoes  hydrolysis  in  a  neutral 
or  feebly  acid  solution,  with  the  production  of  the  corresponding  hydroxide  and 
acid;  thus — 

ICUH20  =  I0H  +  HC1 (5), 

the  iodous  hydroxide  (*' hypoiodous  acid"),  which  is  formed,  undergoing 
spontaneous  conversion  into  iodic  acid,  &c.,  whereas  the  hydrolysis  is  prevented 
by  a  great  excess  of  hydrochloric  acid. 

The  reaction  of  equation  (1)  was  used  long  ago  by  A.  andF.  DuyT6{Lieliff^s 
Ann.  Chim.,  1855,  xciv.  365)  for  the  titration  of  iodides.  In  onier  to  compare 
the  reactions  of  the  first  two  equations,  5  c.c.  of  a  decinormal  potassium  iodide 
solution  were  titrated  with  chlorine  water  in  presence  of  5  c.c.  of  chloroform. 
After  the  addition  of  75'4  c.c.  of  the  latter  the  chloroform  became  colourless. 
The  titration  was  now  repeated  with  the  further  addition  of  respectively  15,  20, 
and  30  c.c.  of  strongest  «hydrochloric  acid,  and  the  amounts  of  chlorine  water 
required  were  25*4,  25*22,  and  25*25  cc,  the  end-reaction  being  of  extraordinary 
sharpness.  Nearly  three  times  as  much  chlorine  was  therefore  required  in  the 
absence  of  hydrochloric  acid  as  in  its  presence,  as  the  theory  demands.  Probably, 
if  the  small  amount  of  acid  produced  by  the  reaction  itself  (Equation  1)  had 
been  neutralized  by  the  addition  of  calcium  carbonate  the  theoretical  amount  of 
75- 75  c.c.  of  chlorine  solution  would  have  been  required.  In  order  to  judge  the 
influence  of  smaller  quantities  of  acid,  the  titration  was  repeated  with  addition 
of  1,  2,  5,  and  10  c.c.  of  concentrated  hydrochloric  acid,  when  respectively  34*1, 
26*9,  26*0,  and  25*6  c.c.  of  chlorine  water  were  required. 

From  these  preliminary  experiments,  it  appeared  that  the  hydrolysis  of  the 
iodine  chloride  might  be  wholly  inhibited  by  addition  of  a  sufficiency  of  acid, 
and  that  a  solution  of  potassium  iodate  might  be  successfully  substituted  for  the 
chlorine  water,  thus  realizing  the  reaction  of  Equation  4.  9*7465  gm.  of  acid 
potassium  iodate  were  dissolved  in  water  and  made  up  to  1  liter.  According  to 
the  theory,  each  c  c.  of  this  solution  should  be  equivalent  to  16*6  m.gm.  of 
potassium  iodide.  To  10  c.c.  of  a  solution  of  pure  potassium  iodide  (20*6  gm.  to 
the  liter),  5  c.c.  of  chloroform,  20  c.c.  of  water,  and  30  c.c.  of  concentrated 
hydrochloric  acid  (sp.  gr.  1*21)  were  added,  and  the  mixture  was  titrated  in 
a  glass-stoppered  bottle  of  250  c.c.  capacity,  with  the  iodate  solution,  shaking 
briskly,  until  the  chloroform  lost  its  colour,  the  end-point  being  exceedingly 
sharp.  12*43  c.c.  of  the  iodate  solution  were  required.  Hence,  0*20634  gm. 
potassium  iodide  was  found  against  0*20600  taken,  or  100*17  per  cent.  In 
a  second  experiment.  15  c.c.  of  the  iodide  solution,  titrated  in  tne  same  way 
with  33  c.c.  of  hydrochloric  acid  and  no  additional  water,  required  18*62  c.c.  of 
the  iodate  solution,  corresponding  to  0*30900  gm.  found,  against  0*30900  gm. 
taken, or  10000  per  cent,  taken. 

The  process  as  described  can  be  applied  to  the  titration  of  chromates.  For 
this  purpose  the  chromate  is  added  to  an  excess  of  a  titrated  potassium  iodide 
solution,  with  5  c.c.  of  chloroform  and  sufficient  concentrated  hydrochloric  acid 
to  be  at  least  half  the  volume  of  the  entire  mixture  at  the  close  of  the  titration. 
The  titration  is  then  carried  out  precisely  as  described  above.  In  one  experi- 
ment of  this  sort,  36*3  m.gm.  of  potas.sium  pyrochromate  were  taken,  and 
36*8  m.gm.  found. 

The  followhig  experiment  shows  the  applicability  of  the  process  to  the  titration 
of  free  iodine : — 0*3417  gm.  of  pure  iodine  was  weighed  and  placed  in  the 
stoppered  bottle  previously  used,  with  5  c.c.  of  a  potassium  iodide  solution 
containing  20*6  gm.  per  liter ;  10  c.c.  of  fuming  hydrochloric  acid,  and  5  c.c.  of 
chloroform  were  added,  and  the  titration  was  carried  out  in  the  usual  way. 
Required,  19*85  c.c.  of  standard  iodate.  Since  6*20  c  c.  are  required  for  the 
iodide,  1305  c.c.  remain  as  corresponding  to  the  free  iodine,  or  0*3467  gm.  iodine 
found  ;  100*46  per  cent. 

To  determine  whether  tlie  method  can  be  used  for  determination  of  chlorates, 
and  under  what  conditions,  the  succeeding  exi>eriments  were  tried.    Five  c.c.  of 
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a  itolution  of  potassium  chlorate  containing  70*3  m.gni.  of  the  pure  "ialt  was 
added  to  25  c.c.  of  the  potassium  iodide  sohition  mentione<l  above,  and  50  c.c.  of 
fuming  hydrochloric  acid.  After  standing  fifteen 'minutes  in  the  stoppered 
bottle,  5  c.c.  of  chloroform  were  added,  and  the  titration  completed.  Required, 
1365  c.c  of  the  iodate.  As  the  iodide  is  equivalent  to  31'0  c.c,  1735  c.c. 
correspond  to  the  chlorate,  whence  70'9  m.gm.  of  potassium  chlorate  were  found. 
In  a  second  simiUr  experiment,  only  40  c.c.  of  hydrochloric  acid  were  used,  and 
the  mixture  was  titrated  at  once,  without  standing.  In  this  case  13  98  c.c.  of 
iodate  were  required,  hence  69'55  m.gm.  of  chlorate  were  found.  This  shows, 
as  was  expected,  that  the  chlorate  must  he  left  for  some  time  in  contact  with  the 
hydrochloric  acid  and  iK)tassium  iodide  for  the  completion  of  the  reaction.  In 
a  third  experiment,  exactly  similar  to  the  last  except  tliat  the  mixture  was 
allowed  to  stand  twentv-four  hours  l>efore  titration,  13*77  c.c.  of  iodate  were 
required,  whence  70'41  m.gm.  of  chlorate  were  found.  It  is  therefore  a  matter 
of  indifference  whether  the  time  of  digestion  is  a  quarter  of  fin  hour  or  twenty- 
four  hours.  In  a  fourth  experiment,  5  c^c.  of  another  jwtassium  chlorate 
solution  containing  3346  m.gm.  of  the  pure  salt  was  allowed  to  stand  for  ten 
minutes  with  10  c.c,  of  iodide  solution,  and  20  c.c.  of  fuming  hydrochloric  acid ; 
then  5  c.c.  of  chloroform  were  added,  and  the  titration  wa**  ])erformed.  Required, 
423  c.c.  of  iodate.  Calculated  for  the  iodide,  12*40  c.c,  whence  33 39  m.gm.  of 
chlorate  were  found.  Other  experiments,  not  necessary  to  detail,  show  that  there 
must  be  a  decided  excess  of  iodide  as  compared  with  the  chlorate ;  otherwise  the 
results  are  likely  to  be  a  little  too  low.  The  necessary  working  conditions  for 
the  titration  of  a  chlorate  can  be  prescribed  as  follows  : — 

To  the -solution  of  the  chlorate,  add  an  exactly  known  amount  of  pure  potassium 
iodide  (a  titrated  solution  may  be  used),  in  a  glass  stoppered  bottle,  and  an 
amount  of  fuming,  pure  hydrochloric  acid  at  lea^t  one-tliird  greater  than  the 
volume  of  the  solution.  Close  the  bottle  tightly,  and  allow  it  to  stand  fifteen 
minutes  after  sliaking,  then  add  5  c.c.  of  chloroform.  On  now  shaking,  the 
chloroform  must  become  deep  violet.  If  the  colour  is  pale,  an  insufliciency  of 
iodide  has  been  added,  and  it  is  better  to  begin  again  rather  than  to  attempt  to 
bring  the  analysis  into  order.  Now  add  the  decinormal  iodate  with  intennittent 
violent  sliaking  until  the  chloroform  becomes  colourless,  which  point  can  l)e 
estimated  i^ith  the  utmost  precision.  Each  c.c.  of  a  decinormal  iodate  solution  is 
equivalent  to  2'7H2  m.gm.  of  (CIO3). 

Solutions  of  arsenious  acid  or  chloride  can  be  titrated  in  the  same  wav  as 
iodides,  the  reaction  being  expressed  by  the  equation — 

2A.SCI3  +  KIO3  +  SH-O  =  2H3ASO4  +  KCl  +  ICl  +  4IICI. 

In  this  (»se,  however,  unlike  the  other,  a  too  great  concentration  of  hydro- 
chloric acid  must  be  avoided,  since  under  those  conditions  the  end-ijoint  becomes 
obscure,  probably  a  phenomenon  connected  with  the  formation  and  dissociation 
of  arsenic  pentachloride.  The  suitable  concentration  of  the  acid  is  therefore  con- 
fined within  somewhat  narrow  limits,  but  not  so  narrow  .as  to  cause  any  practical 
dilliculty  in  working.  It  was  found  tliat  30  \>er  cent,  of  hydrochloric  acid, 
calculated  on  the  weight  of  the  entire  li(|uid  at  the  close  of  the  titration,  exceeds 
the  jMirmissible  maxinunn  limit,  while  25  \^r  cent,  does  not.  On  the  other  hand 
the  minimum  limit  is  in  the  neigh Iwurhood  of  12  to  15  i>er  cent,  of  acid.  For 
the  experiments  noted  1h*1ow,  a  solution  of  sodium  arsenite  was  employed  in 
which  the  amount  of  arsenious  oxide  had  l)een  determined  bv  titration  with 
iodine  solution  in  the  ordinarv  way.  Taken,  25  c.c.  arsenious  solution 
(2438  m.gm.  As^.03)  an<l  50  c.c  of  fuming  hydrochloric  acid ;  required,  24'45  c.c. 
decinormal  =  242  1  m.gm.  of  arsenious  oxide.  Taken,  5  c.c  arsenious  solution, 
5  c.c  hydrochloric  acid,  and  10  c.c.  water;  required,  491  cc.  of  iodate  =  486 
m.gm. ;  found,  488  m.gm.  by  icxline  titration.  Taken,  23  cc  arsenious 
solution  and  40  cc.  hydrochloric  acid  ;  requireil,  1969  cc  iodite  =  194*9  m.gm. 
arsenious  oxide  ;  found.  194*7  m.gm.  by  iodine  titration.  Taken,  15  c.c. 
arsenious  solution  and  30  c.c  hydrochloric  acid;  required,  1479  cc  iodate  = 
14C)*4  m.gm.  arsenious  oxide;  found,  1463  m.gm.  by  iodine  titration. 

To  summarize,  add  to  the  arsenious  solution  an  amount  of  fuming  hydro- 
chloric acid  sufficient  to  make  the  hydrochloric  acid  e(iual  to  about  20  per  cent. 
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of  the  entire  mixture  at  the  end  of  the  titration,  and  5  c.c.  of  chloroform ;  then 
nin  in  from  a  burette  as  large  a  proportion  as  can  be  judged  of  the  whole 
amount  of  decinormal  iodate  requisite,  shake  well,  and  continue  titrating  with 
the  iodate  until  the  chloroform  is  colourless.  Each  c.c.  of  the  standard  solution 
corresponds  to  9*9  m.gm.  arsenious  acid  or  7*5  m.^.  arsenic. 

The  determination  of  antimony  is  precisely  like  that  of  arsenic.  A  solution 
was  prepared  of  pure  re-crystallized  antimonyl  tartrate,  containing  31*251  g^. 
per  liter.  Twenty-five  c.c.  of  this  were  mixed  with  30  c.c.  hydrochloric  acid  and 
20  c.c.  water,  and  titrated  as  usual.  2362  c.c.  of  the  iodate  were  required, 
equivalent  to  784*6  m.gm.  tartar  emetic  found  as  against  781*3  m.gm.  taken. 
In  this  determination  the  amount  of  hydrochloric  acid  should  have  been  greater 
by  15  c.c.  In  the  next  experiment,  25  c.c.  of  the  antimonious  solution  with 
25  c.c.  of  hydrochloric  acid  required  23*50  c.c.  of  iodate,  equivalent  to  780*6 
m.gm.  of  antimony  salt  found  (781*3  taken).  Twenty-five  c.c.  antimony 
solution  with  35  c.c.  fuming  hydrochloric  acid  required  23*54  c.c.  of  iodate, 
whence  is  calculated  781*2  m.gm.  potassium  antimonyl  tartrate. 

Since  copper  does  not  interfere  in  the  least  with  the  application  of  the  method, 
it  is  possible,  for  example,  to  titrate  the  arsenic  in  Paris  green  directly  without 
preliminary  separation.  Thus,  20  c.c.  of  a  sodium  arsenite  solution  with  20  c.c. 
of  fuming  hydrochloric  acid  required  8*95  c.c.  of  iodate,  the  same,  plus  1  gm.  of 
copper  sulphate,  required  9*00  c.c.  of  iodate.  For  the  analysis  of  Paris  green, 
0*6  gm.  of  the  substance  is  dissolved  in  15  c.c.  of  water  and  25  c.c.  of  fuming 
hydrochloric  acid,  and  directly  titrated  with  5  c.c.  of  chloroform  and  the 
decinormal  solution  of  iodate. 

Ferrous  salts  can  be  titrated  in  exactly  the  same  way  as  iodides.  Taken, 
2*0874  gm.  ammonium  ferrous  sulphate ;  required,  26*06  c.c.  iodate,  equivalent 
to  297*6  m.gm.  iron  found,  or  14*26  per  cent. ;  theory,  14*25  per  cent.  Unlike 
the  titration  with  potassium  permanganate,  oxalic  acid  does  not  interfere  with 
this  determination.  Taken,  2*0843  gm.  ammonium  ferrous  sulphate  and  1  gm. 
oxalic  acid ;  required,  25*96  c.c.  iodate,  equivalent  to  296*3  m.gm.  iron,  or 
14*22  per  cent.  Ferric  salts  do  not  interfere  with  any  of  these  titrations,  nor  do 
bromides  to  any  serious  extent,  if  the  amount  is  small.  The  end-reaction  in  the 
titration  of  ferrous  salts  is  somewhat  slow,  and,  in  spite  of  the  satisfactory 
results  of  the  test  analyses,  is  lacking  in  the  sharpness  that  distinguishes  the 
other  titrations  described  in  this  paper.  This  difficulty  appears  to  be  avoided  by 
the  addition  of  a  small  amount  of  mangaiious  chloride,  but  the  point  requires 
further  examination. 

The  method  which  has  been  described  is  adapted  to  the  determination  of  almost 
all  the  substances  to  which  Bun  sen's  process  of  distillation  with  potassium 
iodide  and  hydrochloric  acid  is  applicable,  with  at  least  equal  precision,  with  less 
expenditure  of  time  and  far  simpler  apparatus.  It  is  furthermore  applicable  in 
certain  cases  in  which  the  Bunsen  method  is  not,  as,  for  example,  the  titration 
of  arsenic  or  antimony  in  the  presence  of  copper  and  ferric  compounds. 
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PART  YII. 

VOLI^METRIC    ANALYSIS    OF    GASES. 

Description  of  the  neoessary  Apparatus,  with  Instructions 
for  Preparing,  Etching,  Graduating,  etc. 

§  102.  This  branch  of  cliemical  analysis,  on  account  of  its  extreme 
accuracy,  and  in  consequence  of  the  possibility  of  its  application  to  the 
analysis  of  carbonates,  and  of  many  otlier  bodies  from  which  gases  may 
be  obtained,  deserves  more  attention  than  it  has  generally  received,  in 
this  country  at  least.  It  will  therefore  be  advisable  to  devote  some 
considerable  space  to  the  consideration  of  the  subject. 

For  an  historical  sketch  of  tlie  progress  of  gas  analysis,  the  reader 
is  referred  to  Dr.  Frank  land's  article  in  the  Handtro/ierfmch 
>^    (fer  Cheniiey  and  more  complete  details  of  the  process  than  it 
'     *    will  be  necessary  to  give  liere  will  be  found  in  that  article; 
also   in  Bunsen's    Giisoinetry  and   in   Dr.    Russell's   con- 
tributions to  Watt's  Chemiral  Dictionary, 

The  apparatus  employed  by  Bunsen,  wlio  was  tlie  first 
successfully  to  work  out  the  processes  of  gas  analysis,  is  very 
simple.  Two  tul)es,  the  absorption  tube  and  tlie  eudiometer, 
are  used,  in  which  the  measurement  and  analysis  of  the  gases 
are  i)erformed.  The  first  of  these  tubes  is  about  250  m.m. 
long  and  20  m.m.  in  diameter,  closed  at  one  end,  and  with 
a  lip  at  one  side  of  the  open  extremity,  to  facilitate  the 
transference  of  the  gas  from  the  absorption  tube  (fig.  70)  to 
the  eudiometer  (fig.  71).  The  eudiometer  has  a  length  of 
from  500  to  800  m.m.,  and  a  diameter  of  20  m.m.  Into  the 
closed  end  two  platinum  wires  are  sealed,  so  as  to  enable  the 
operator  to  jmss  an  electric  spark  througli  any  gas  which  tlie 
tul>e  may  contain.  The  mode  of  sealing  in  the  platinum 
wires  is  as  follows : — When  the  end  of  the  tube  is  closed,  and 
while  still  hot,  a  finely  pointed  blowpipe  flame  is  directed 
against  the  side  of  the  tube  at  the  base  of  the  hemis])herical 
Pi^.  70.  end.  When  the  glass  is  soft,  a  piece  of  white-hot  platinum 
wire  is  pressed  against  it  and  rapidly  drawn  away.  By  this 
means  a  small  conical  tube  is  produced.  This  operation  is  then 
repeated  on  the  opposite  side  (fig.  72).  One  of  the  conical  tubes  is 
next  cut  off  near  to  the  eudiometer,  so  as  to  leave  a  small  orifice 
(fig.  73),  tlirough  which  a  piece  of  the  moderately  thin  platinum  wire, 
reaching  about  two  thirds  across  the  tube,  is  passed.  The  fine  blow- 
pipe flame  is  now  brought  to  play  on  the  wire  at  the  point  where  it 
enters  the  tulw? ;  the  glass  rapidly  fuses  round  the  wire,  making 
a  perfectly  gas-tight  joint.  If  it  should  be  observed  that  the  tube 
has  any  tendency  to  collapse  during  tlie  heating,  it  will  l>e  necessary 
to  blow  gently  into  the  open  end  of  the  tube.      This  may  l>e  con- 
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venieiitly  done  by  means  of  a  long  piece  of  caoutchouc  connector, 
attached  to  the  eudiometer,  which  enables  the  operator  to  watcli  the 
effect  of  the  blowing  more  easily  than  if  the  mouth  were  applied  directly 
to  the  tube.  When  a  perfect  fijsion  of  the  glass  round  the  wire  has  been 
effected,  the  point  on  the  opposite  side  is  cut  off,  and  a  second 
wire  sealed  in  in  the  same  manner  (fig.  74).  The  end  of  the 
tube  must  be  allowed  to  cool  very  slowly  ;  if  proper  attention 
is  not  paid  to  this,  fracture  is  very  liable  to  ensue.  When 
perfectly  cold,  a  piece  of  wood  with  a  roimded  end  is  passed 
up  the  eudiometer,  and  the  two  wires  carefully  pressed  against 
the  end  of  the  tube,  so  as  to  lie  in  contact  with  the  glass,  with 
a  space  of  1  or  2  m.m.  between  their  points  (fig.  75).  It  is  for 
this  purpose  that  the  wires,  when  sealed  in,  are  made  to  reach 
so  far  across  the  tube.  The  ends  of  the  wires  projecting 
outside  the  tube  are  then  bent  into  loops.  These  loops  must 
be  carefully  treated,  for  if  frequently  bent  they  are  very  apt 
to  break  off  close  to  the  glass ;  besides  this,  the  bending  of 
tlie  wire  sometimes  causes  a  minut<j  crack  in  the  glass,  which 
may  spread  and  endanger  the  safety  of  the  tube.  These 
difficulties  may  l)e  overcome  by  cutting  off  the  wire  close  to 
the  glass,  and  carefully  smoothing  the  ends  by  rubbing  them 
with  a  piece  of  ground  glass  until  they  are  level  with  the 
surface  of  the  tube  (fig.  76).  In  order  to  make  contact  with 
the  induction  coil,  a  wooden  American  paper-clip,  lined  with 
platinum  foil,  is  made  to  grasp  the  tube ;  the  foil  is  connected 
with  two  strong  loops  of  platinum  wires,  and  to  these  the 
wires  from  the  coil  are  attached  (fig.  77).  In  this  way  no 
strain  is  put  on  the  eudiometer  wires  by  the  weight  of  the 
wires  from  tlie  coil,  and  perfect  contact  is  ensured  between  the 
foil  and  platinum  wires.  It  is  also  easy  to  clean  the  outside 
of  the  eudiometer  without  fear  of  injuring  the  instrument. 

It  will  now  be  necessary  to  examine  if  the  glass  is  perfectly 
fused  to  the  wires.  For  this  purpose  the  eudiometer  is  filled 
with  mercury,  and  inverted  in  the  trough.  If  the  tube  has 
800  m.m.  divisions,  a  vacuous  space  will  be  formed  in  the 
upper  end.  Note  the  height  of  tlie  mercury,  and  if  this 
remains  constant  for  a  while  the  wires  are  properly  sealed. 
Should  the  eudiometer  be  short,  hold  it  in  the  hands,  and 
bring  it  down  with  a  quick  movement  upon  the  edge  of  the 
india-rubber  cusliion  at  the  bottom  of  the  trough,  taking  care 
that  tlie  force  uf  impact  is  slight,  else  the  mercury  may  fmcture 
the  sealed  end  of  the  tu])e.  ]>y  jerking  the  eudiometer  thus, 
a  momentary  vacuum  is  formed,  and  if  there  is  any  leakage,  p. 
small  bubl)les  of  air  will  arise  from  the  junction  of  the  wires  ^* 
with  the  glass. 

The  tul)es  are  graduated  by  the  following  processes  : — A  cork  is  fitted 
into  the  end  of  tlie  tube,  and  a  j)iece  of  stick,  a  file,  or  anything  that 
will  make  a  convenient  handle,  is  thrust  into  the  cork.  The  tube  is 
heated  over  a  charcoal  fire  or  combustion  furnace,  and  coated  with 
melted  wax   bv  means  of   a  camel's-hair  brush.      Sometimes  a  few 
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drope  of  turpentine  are  mixed  vith  the  wax  to  render  it  less  brittle^ 
but  this  is  not  always  necessary.  If  on  cooling  it  should  Im  found 
that  the  layer  of  wax  is  not  uniform,  the  tube  may  be  placed  in 
a  perpendicular  position  before  a  lire  and  slowly  rotated  so  as  to  heat 
it,evenly.  The  wax  will  then  be  evenly  distributed  on  the  surfaoe 
of'  the  glass,  the  excess  flowing;  off.  The  tube,  must  not  be  wised  to 
Fig.  72.  FiK.  73. 


Xig.  78.  Fig.  77. 

too  high  a  temperature,  or  the  wax  may  become  too  thin;  but  all  tliick 
masses  should  be  anmed,  as  they  may  prove  troublesome  in  the 
subsequent  operation. 

The  best  and  most  accurate  mode  of  marking  the  millimeter 
divisions  on  tlie  wax  is  by  a  graduating  machine  ;  but  the  more  usual 
process  ia  to  copy  the  gniduations  from  another  tul)e  in  the  following 
manner.  A  hard  glass  tube,  on  which  millimeter  divisions  have 
already  been  deeply  etched,  is  fixed  in  a  groove  in  the  graduating 
table,  a  straight-edge  of  brass  Iwing  screwed  down  on  the  tube  and 
covering  the  emis  of  the  lines.  The  standard  tube  is  shown  in  the 
Jigiirc  at  the  right-hand  end  of  the  apparatus  (fig.  78).     The  waxed 


straightedge,  and  tlie  other  with 
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tube  is  seeureJ  at  the  other  end  of  the  same  groove,  and  above  it  are 
fixed  two  brass  plates,  one  with  i 
notches  at  intervals  of  5  m.m. 
the  alternate  notches  being  longer 
than  the  intermediate  ones  (fig. 
79).  A  stout  rod  of  wood  pro- 
vided with  a  sharp  steel  point 
near  one  end,  and  a  penknife 
blade  at  the  other  (lig.  60),  is 
held  so  that  the  steel  point  rests 
in  one  of  the  divisions  of  the 
graduated  tube,  being  gently 
pressed  a,t  the  same  time  against 
the  eilge  of  the  brass  plate;  the 
point  of  the  knife-blade  is  then 
moved  by  the  operator's  right 
hand  across  the  portion  of  the 
waxed  tube  which  lies  exposed 
between  the  two  brass  plates. 
When  the  line  bos  been  scratched 
on  the  wax,  the  point  is  moved 
along  the  tube  until  it  falls  into 
the  next  division  ;  another  line  is 
now  scratched  on  the  wax,  and 
so  on.  At  every  fifth  division 
the  knife-blade  will  enter  the 
notches  in  the  brass  plate,  making 
a  longer  line  on  the  tube.  After 
a  little  practice  it  will  be  found 
easy  to  do  fifty  or  sixty  divisions 
in  a  minute,  and  with  perfect 
regularity.  Before  the  tube  is 
removed  from  the  apparatiis,  it 
must  be  carefully  examined  to 
see  if  any  mistake  bas  been  made. 
It  may  have  happened  that  during 
the  graduation  the  steel  point 
slipped  out  of  one  of  the  divisions 
in  the  standard  tube ;  if  this  has 
taken  place,  it  will  be  found  that 
the  distance  between  the  line 
made  at  tliat  time  and  those  on 
each  side  of  it  will  not  be  equal, 
or  a  crooked  or  double  line  may 
have  been  produced.  Tliia  is 
easily  obliterated  by  touching 
the  wax  with  a  piece  of  heated 
platinum  wire,  after  which  another 
's  marked.     Tlie  tube 


taken  out  of  the  table  ai  d  once 


i  examined.     If  any  portions  of  wax  la\e  been  scraped  off  by 
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the  edges  of  the  apparatus,  or  by  the  screws,  the  coating  must  be 
ro|>aired  with  the  hot  platinum  wire.  Numbers  have  next  to  1m 
marked  opposite  each  tenth  division,  beginning  from  the  closed  end 
of  the  tube,  the  first  division,  which  should  be  about  10  m.m 
from  the  end,  being  marked  10  (see  fig.  75).     The  figures  may  be 


well  made  with  a  steel  pen.  This  has  the  advantage  of  producing 
a  double  line  when  the  nib  is  pressed  against  the  tube  in  making 
a  down-stroke.  The  date,  the  name  of  the  maker  of  the  tube,  or  its 
number,  may  now  be  written  on  the  tube. 

Tlie  etching  by  gaseous  hydrofluoric  acid  is  performed  by  supporting 
the  tube  by  two  pieces  of  wire  over  a  long  narrow  leaden  trough  con- 
taining sulphuric  acid  and  powdered  fluor-spar  (fig.  81),  and  the  vhole 
covered  with  a  cloth  or  sheet  of  paper.     Of  course  it  is  necessary  to 


Pig-  82.  Fift.  83. 

leave  the  cork  in  the  end  of  the  tube  to  prevent  the  aceesa  of 
hydrofluoric  acid  to  the  interior,  which  might  cause  the  tube  to  loee 
its  tranejarency  to  a  considerable  extent.  The  time  required  for  the 
action  of  the  gaa  varies  with  the  kind  of  glass  employed.  With 
ordinary  flint  glass  from  ten  minutes  to  half  an  hour  is  quite  sufficient; 
if  the  leaden  trough  is  heated,  the  action  may  take  jilace  even  still 
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more  rapidly.  The  tube  is  removed  from  time  to  time,  and  a  small 
portion  of  the  wax  scraped  off  from  a  part  of  one  of  the  lines ;  and  if 
the  division  can  be  felt  with  the  finger-nail  or  the  point  of  a  knife, 
the  operation  is  finished ;  if  not,  the  wax  must  be  replaced,  and  the 
tube  restored  to  the  trough.  When  sufficiently  etched,  the  tube  is 
washed  with  water,  heated  before  a  fire,  and  the  wax  wiped  off  with 
a  warm  cloth. 

The  etching  may  also  be  effected  with  liquid  hydrofluoric  acid,  by 
applying  it  to  the  divisions  on  the  waxed  tube  with  a  brush,  or  by 
placing  the  eudiometer  in  a  gutta-percha  tube  closed  at  one  end,  and 
containing  some  of  the  liquid. 

As  all  glass  tubes  are  liable  to  certain  irregularities  of  diameter,  it 
follows  that  equal  lengths  of  a  graduated  glass  tube  will  not  contain 
exactly  equal  volumes ;  hence  it  is,  of  course,  impossible  to  obtain  by 
measurement  of  length  the  capacity  of  the  closed  end  of  the  tube. 

In  order  to  provide  for  this,  the  tube  must  be  carefully  calibrated. 
For  this  purpose  it  is  supported  vertically  (fig.  82),  and  successive 
quantities  of  mercury  poured  in  from  a  measure.  This  measure 
should  contain  about  as  much  mercury  as  ten  or  twenty  divisions  of 
the  eudiometer,  and  is  made  of  a  piece  of  thick  glass  tube,  closed  at 
one  end,  and  with  the  edges  of  the  open  end  ground  perfectly  flat. 
The  tube  is  fixed  into  a  piece  of  wood  in  order  to  avoid  heating  its 
contents  during  the  manipulation.  The  measure  may  be  filled  with 
mercury  from  a  vessel  closed  with  a  stop-cock  terminating  in  a  narrow 
vertical  tube,  which  is  passed  to  the  bottom  of  the  measure  (fig.  83). 
On  carefully  opening  the  stop-cock  the  mercury  flows  into  the  measure 
without  leaving  any  air-bubbles  adhering  to  the  sides.  A  glass  plate 
is  now  pressed  on  the  ground  edges  of  the  tube,  which  expels  the 
excess  of  mercury  and  leaves  the  measure  entirely  filled.  The  mercury 
may  be  introduced  into  the  measure  in  a  manner  which  is  simpler  and 
as  effectual,  though  perhaps  not  quite  so  convenient,  by  first  closing  it 
with  a  glass  plate,  and  d^ptessing  it  in  the  mercurial  trough,  removing 
the  plate  from  the  tube,'  and  again  replacing  it  before  raising  the 
measure  above  the  surface  of  the  mercury.  After  pouring  each 
measured  quantity  of  mercury  into  the  eudiometer,  the  air-bubbles  are 
carefully  detached  from  the  sides  by  means  of  a  thin  wooden  rod  or 
piece  of  whalebone,  and  the  level  of  the  mercury  at  the  highest  part 
of  the  curved  surface  observed. 

In  all  measurements  in  gas  analysis  it  is,  of  course,  essential  that 
the  eye  should  be  exactly  on  a  level  with  the  surface  of  the  mercury, 
for  the  parallax  ensuing  if  this  were  not  the  case  would  produce  grave 
errors  in  the  readings.  The  placing  of  the  eye  in  the  proper  position 
may  be  ensured  in  two  ways.  A  small  piece  of  looking-glass  (the 
back  of  which  is  painted,  or  covered  with  paper  to  prevent  the 
accidental  soiling  of  the  mercury  in  the  trough)  is  placed  behind,  and 
in  contact  with  the  eudiometer.  The  head  is  now  placed  in  such 
a  position  that  the  reflection  of  the  pupil  of  the  eye  is  precisely 
on  a  level  with  the  surface  of  the  mercury  in  the  tube  and  the 
measurement  made.  As  this  process  necessitates  the  hand  of  the 
operator  being  placed  near  the  eudiometer,  which  might  cause  the 
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warmiag  of  the  tube,  it  ia   preferable  to  ninl  oil'  with  a  telescope 

]>lace<l   at   a   iliBtaiice    of   iroyi    two    to   six    feet    from    the    eudic>- 

ni«tcr.     Tlie  telescope  is  fixed  on  a  staiid  in  u  horizontal  iKwition, 

anil  the  sujiport  is    made    to  slido   on    a   vertirnl    rtHl.     The    inmf^ 

of     the     surface     of     the 

nii-rcurj  is  brought  to  the 

centre  of  the  field  of   the 

telescogie,  indicated  by  the 

cross  wires  in  the  eycjiiece, 

and     the     reading    taken. 

The     tclescoiw      has      the 

ailvantapt     of    magnifying 

the   graduations,   and  thus 

facilitating  the   estimation 

by  the  eye  of  tenths  of  the 

divisions.     Fig.    84    tepn'- 

scnts     the     ap]>earance    of 

the    tu1ie   and    mercury  an 

Been  by  an  inverting  tele- 

By  this  method  the 
cajncity  of  the  tul>e  at 
different  (larts  of  its  length 
is  determined.  If  the  tube 
mercury  i      ' " 


Kilt   (M, 
I  I.) 


of 


of  tniifuni 

length  in  the  tulie;  but  as  this  is 
the  value  of  the  divisions  at  all  jmrts  of  the  tulie  will 
not  1*e  found  to  1)e  the  siiuie. 

From  the  data  nbtained  by  meaanriiig  the  s[>aei'  in  the  tulic  which 
is  occupied  by  ciiual  V(ilume«  of  mercury,  a  table  is  ciinstructed  by 
which  the  coniiiarative  values  of  each  millimeter  of  thy  tulie  can  Iw 
found.  The  following  residts  were  i>htaiTH'd  in  the  iralibration  of 
a  sliort  absorption  ewlioinetcr  ; 

Od  tlie  iotroduttiOB  u(  tl><  »rJ  Tolume  ol  marciirjr,  t1<e  miilliiM  w"  l!'S  m.m. 


Thiu,  th>  atuHlar  J  tc 


If  we  assume  the  measure  of  mercury  to  coiitnin  bS  volumes  (the 
greatest  difference  between  two  consecutive  reuiliiigs  i.n  the  tulie),  the 
volume  at  the  six  iwints  aliove  given  will  be  as  follows: — 


29-f< 

:i4« 

35-:; 

40'() 

410 

404 
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Between  the  first  and  second  readings  tliese  5*8  volumes  are  con- 
tained in  5*6  divisions,  consequently  each  millimeter  corresponds  to 

5*8 

i— =  1-0357  vol.     This  is  also  the  value  of  the  divisions  between  the 

5*6 

second  and  third  readings.     Between  the  third  and  fourth  1  m.m. 

contains   1    vol. ;  between   the   fourth   and   fifth,    1  m.m.  contains 

5*8 

-— -  =  l'074l  vol.  :  and  between  the  fifth  and  sixth  m.m.=l  vol. 

5*4 

From  these  data  the  value  of   each  millimeter  on  the  tube   can 

readily  be  calculated.     Thus  13  will  contain  the  value  of  12*8  + the 

value  of  0*2  of  a  division  at  this  part  of  the  tube,  or  17*4 +  (1*0357  x 

0*2)  =  17*60714.     There  is,  however,  no  need  to  go  beyond  the  seeond 

place  of  decimals,  and,  for  all  practical  purposes,  the  first  place  is 

sufficient.     Thus,  by  adding  or  subtracting  the   necessary  volumes 

from  the  experimental  numbers,  we  find  the  values  of  the  divisions 

nearest  to  the  six  points  at  which  the  readings  were  taken  to  be — 

13  =  17*61  or  17*6 


18  =  22*79 
24  =  29*00 
30  =  35*00 
35  =  40*38 
41  =  46*40 

In   a   precisely   similar  manner   the   values   of    the  intermediate 
divisions  are  calculated,  and  we  thus  obtain  the  following  table : — 


>> 


>> 


)) 


>> 


>» 


22*8 
29*0 
35*0 
40*4 
46*4 


1 


10 

11 

12 
13 
14 
15 
16 
17 
18 
19 
20 


Values. 


a 


Values. 


Values. 


14*50 
15*54 
16*57 
17*61 
18*65 
19-68 
20*71 
21*75 
22*79 
23-82 
24*86 


14*5 
15*5 
16*6 
17*6 
18*6 
19*7 
20*7 
21*8 
22-8 
23*8 
24*9 


21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


'z5'S9 

25*9 

26*93 

26*9 

27*96 

28*0 

29*00 

29  0 

30*00 

30*0 

31*00 

31*0 

32*00 

32*0 

33*00 

33*0 

34*00 

34*0 

35*00 

35*0 

3607 

36*1 

32  3715 

33  38*22 

34  39*30 

35  40*38 

36  41*40 

37  42*40 

38  43*40 

39  44*40 

40  45*40 

41  46*40 


37*1 
38*2 
39*3 
40*4 
41*4 
42*4 
43*4 
44*4 
45*4 
46*4 
<fec. 


If  it  be  desired  to  obtain  the  capacity  of  the  tube  in  cubic  centi- 
meters it  is  only  necessary  to  determine  the  weight  of  the  quantity 
of  mercury  the  measure  delivers,  and  the  temperature  at  which  the 
calibration  was  made,  and  to  calculate  the  contents  by  the  following 
formula :-  ^^^  (1+0-00018150 

^   "  l:i-..Uii\' 


§  102.  ANALYSIS  OF  GASES.  519- 

in  which  'j  represents  the  weight  of  the  mercury  contained  in  the 
measure,  t  the  temperature  at  wliich  tlie  cahbration  is  made,  O'OOOISIS 
being  the  coefficient  of  expaDsion  of  mercury  for  each  degree 
centigrade,  V  the  volume  read  off  in  the  eudiometer,  and  C  the 
numher  of  cubic  cutiti meters  required. 

A  correction  has  to  be  made  to  every  number  in  tiie  Utble  on 
account  of  the  surface  of  the  mercury  assuming  a  convex  form  in  the 
tube.  During  the  calibration,  the  convexity  of  the  mercury  is  turned 
towanls  the  open  end  of  the  tube  (fig.  85),  whilst  in  the  measure- 
ment of  a  gas  the  convexity  will  be  in  the  opposite  direction  (fig.  86). 
It  is  obvious  tliat  the  quantity  of  mercury  measured  during  the 
cahbmtion,  whUe  tlie  eudiometer  is  inverted,  will  be  less  than 
a  volume  of  gas  contained  in  the  tube  when  the  mercury  stands  at 
the  same  division,  while  the  eudiometer  is  erect.  Tlie  necessary 
amount  of  correction  is  deteouined  by  observing  the  position  of 
the  top  of  the  meniscus,  and  then  introducing  a  few  drops  of 
II  solution  of  corrosive  sublimate,  which  will  immediately  cause  the 
surface  of  the  mercury  to  become  horizontal  {fig.  87),  and  again 
measuring. 

It  will  be  observed  that  in  fig.  85  the  top  of  the  meniscus  was 
at^the  division  39,  whereas  iu  fig.  87,  after  the  addition  of  corrosive 
sublimate,  the  horizontal  surface  of  tlie  mercury  stands  at  38'7, 
giving  a  depression  of  0-3  m.ni.  If  the  tube  were  now  placed 
erect,  and  gas  introduced  so  tliat  the  top  of  the  meniscus  was  at  39, 


•Fif;.  B5.  "Fig.  80. 

•  In  these  the  ntrcurj  »houlil  lu»t  lonob  Z9. 

and  if  it  were  now  jxtssible  to  overcome  the  capillarity,  the  horizontal 
surface  would  stand  at  39'3.  The  small  cylinder  of  gas  between 
38-7  and  39'3,  or  0-6  division,  would  thus  escape  measurement. 
This  number  0'6  is  therefore  called  the  error  of  meniHrw,  and  must 
be  added  to  all  readings  of  gas  in  the  eudiometer.  The  difference, 
therefore,  between  the  two  readings  is  multiplied  liy  two,  arul  the 
volume  represented  by  the  product  obtained^the  error  oj  ii 
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—13  added  to  tho  measu  rem  ante  before  finding  tlie  corresponding- 
capacities  by  the  table.  In  the  cas?  of  tlie  tube,  of  which  the 
calibration  \a  piven  above,  the  difference  between  the  two  readmga. 
was  0'4  m.m.,  making  the  error  of  meniscus  0'8. 

Ali  experiments  on  gas  analysis,  with  the  apparatus  described, 
should  be  conducted  in  a  room  set  apart 
for  the  purpose,  with  the  window  facing 
the  north,  so  that  the  sun's  rays  cannot 
penetrate  into  it,  and  carefully  protected 
from  flues  or  any  sowrce  of  heat  whicli 
might  cause  a  change  of  temperature  of 
the  atmospliere.  The  mercury  employed 
should  be  purified,  as  far  as  possil>le, 
from  lead  and  tin,  which  may  lie  done 
by  leaving  it  in  contact  with  dilute  nitric 
acid  in  a  sliallow  vessel  for  some  time, 
or  by  keeping  it  when  out  of  use  under 
concentrated  sulphuric  acid,  to  which 
some  mercurous  sulphate  lias  been 
added.  This  mercury  reservoir  may 
conveniently  be  made  of  a  glass  globe 
with  a  neck  at  the  top  and  a  stop-cock 
at  the  bottom  (fig.  88),  and  which  is 
not  filled  more  than  one-half,  so  as  to 
maintain  as  large  a  surfaci'  as  possible 
in  contact  with  the  sulphuric  acid.  Any 
foreign  metals  (with  the  exception  of 
Eilver,  gold,  and  platinum)  which  may 
be  present  are  removed  by  the 
mercurous  sulphate,  an  equivalent 
quantity  of  mercury  being  precipitated. 
This  process,  which  was  originated  by 
H.  Deville,  has  been  in  use  for  many 
years  with  very  satisfactory  results,  the 
mercury  being  always  clean  and  dry 
when  drawn  from  the  stop-cock  at  thi' 
bottom  of  the  globe.  The  mouth  of 
the  globe  should  be  kejit  closeil  to  ; 
prevent  the  absorption  of  water  by  the 
sulphuric  acid. 

In  all  cases,  where  practicable,  gases 
should  be  measured  when  completely 
saturated  with  aqueous  vapour :  to 
ensure  this,  the  top  of  the  eudiometer  and  absorption  tubes  should  bo 
moistened  before  tho  introduction  of  the  mercury.  This  may  be  done 
by  dipping  the  en<l  of  a  piece  of  iron  wire  into  water,  and  touching 
the  interior  of  the  closed  extremity  of  the  tube  with  the  point 
of  the  wire. 

In  filling  the  eudiometer,  tho  greatest  care  must  of  course  be  taken 
to  exclude  all  air-bubbles  from  the  tubes.      This  may  be  effected  in 
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several  ways :  the  eudiometer  laay  be  held  in  an  inverted  or  inclined 
position,  and  the  mercury  introduced  through  a  narrow  glass  tul>e 
which  passes  to  the  end  of  the  eudiometer  and  communicates,  witli 
the  intervention  of  a  stojvcock,  with  a  reservoir  of  mercurj'  (fig.  89). 
(.)n  carefully  opening  tlie  stop-cock,  the  mercury  slowly  flows  into  the 
eudiometer,  entirely  displacing  the  air.  The  same  reijult  may  be 
obtained  by  placing  the  eudiometer  nearly  in  a  horizontal  position, 
and  carefully  intnxlucing  the  mercury  from  a  test  tul>e  without  a  rim 
(fig.  88).  Any  minute  l)ubbles  adhering  to  the  side  may  generally  be 
removed  by  closing  the  mouth  of  the  tube  with  the  thumb,  and 
allowing  a  small  air  bubble  to  rise  in  the  tul)e,  and  thus  to  wash  it 
out.  After  filling  the  eudiometer  entirely  with  mercury,  antl  inverting 
it  over  the  trough,  it  will  generally  Iks  found  that  the  air-bubbles  have 
been  removed. 

For  the  introduction  of  the  gases,  the  eudiometer  should  be  placed 
in  a  slightly  inclined  position,  being  held  by  a  support  attached  to  the 


FiK'.  89. 

mei-curial  trough  (fig.  91),  and  the  gas  transferred  from  the  tube  in 
which  it  has  bei*n  collected.  The  eudiometer  is  now  put  in  an 
absolutely  vertical  position,  determined  by  a  plumb-line  placed  near  it, 
and  a  thermometer  suspended  in  close  i)roximity.  It  must  then  be 
left  for  at  least  half  an  hour,  no  one  Ijeing  allowed  to  enter  the  room 
in  the  meantime.  After  the  expiration  of  this  period,  the  operator 
enters  the  room,  and,  by  means  of  the  telescope  placed  several  feet 
from  the  mercury  table,  carefully  observes  the  height  of  the  mercury 
in  the  tul)e,  estimating  the  tenths  of  a  division  with  the  eye,  which 
can  readily  be  done  after  a  little  practice.  He  next  reads  the 
thermometer  with  the  telescoj)e,  and  finally  the  height  of  the  mercury 
in  the  trough  is  read  off  on  the  tube,  for  which  jmrpose  the  trough 
must  have  glass  sides.  The  difterence  between  these  two  numbers  is 
the  length  of  the  colunm  of  mercury  in  the  eudiometer,  and  has  to  be 
subtracted  from  the  reading  of  the  barometer.  It  only  remains  to 
take  the  height  of  the  barometer.  Tlie  most  convenient  form  of 
instrument  for  gas  analysis  is  the  syphon  barometer,  with  the  divisions 
etched  on  the  tube.  This  is  placed  on  the  mercury  table,  so  that  it 
may  be  read  by  the  telescope  immediately  after  the  measurements  in 
the  eudiometer.  There  are  two  methods  of  numbering  the  divisions 
on  the  barometer :  in  one  the  zero  point  is  at  or  near  the  Wnd  of  the 
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tube,  in  which  case  the  height  of  the  lower  column  must  be  subtracted 
from  that  of  the  higher;  in  the  other  the  zero  is  placed  near  the 
middle  of  the  tube,  so  that  the  numbers  have  to  be  added  to;  obtain 
the  actual  height.     In  cases  of  extreme  accuracy,  a  correction  must  be 


Fig.  90. 

made  for  the  temperature  of  the  barometer,  which  is  determined  by 
a  thermometer  suspended  in  the  open  limb  of  the  instrument,  and 
passing  through  a  plug  of  cotton  wool.  Just  before  observing  the 
height  of  the  barometer,  the  bulb  of  the  thermometer  is  depressed  for 
a  moment  into  the  mercury  in  the  open  limb,  thus  causing  a  movement 
of  the  mercurial  column,  which  overcomes  any  tendency  that  it  may 
have  to  adhere  to  the  glass. 

In  every  case  the  volume  observed  must  be  reduced  to  the  normal 
temperature  and  pressure,  .in  order  to  render  the  results  comparable. 
If  the  absolute  volume  is  required,  the  normal  pressure  of  760  m.m. 
must  be  employed ;  but  when  comparative  volumes  only  are  desired, 
the  pressure  of  1000  m.m.  is  generally  adopted,  as  it  somewhat 
simplifies  the  calculation.  In  the  following  formula  for  correction 
of  the  volume  of  gases — 

V^  =  the  correct  volume. 

V  =  the  volume  found  in  the  table,  and  corresponding  to  the 
observed  height  of  the  mercury  in  the  eudiometer,  the  error  of 
meniscus  being  of  course  included. 

B  =  the  height  of  the  barometer  (corrected  for  temperature,  if 
necessary)  at  the  time  of  measurement. 

I)  =  the  difference  between  the  height  of  the  mercury  in  the  trough 
and  in  the  eudiometer. 

t  —  the  temperature  in  centigrade  degrees. 

T  ==  the  tension  of  aqueous  vapour  in  millimeters  of  mercury  at  t^. 
This  number  is,  of  course,  only  employed  when  the  gas  is  saturated 
with  moisture  at  the  time  of  measurement. 

Then 

V Vx(B-Z;-T) 

^i~760x  (1+0-003665^)' 

wlien  the  pressure  of  760  m.m.  is  considered  the  normal  one;  or, 

Yx(B-6-T)  .  . 

1  ~  1000  X  (1+0-0036650' 
when  the  normal  pressure  of  1  meter  is  adopted. 
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In  cases  where  the  temperature  at  measurement  is  below  0°  (which 
rarely  happens),  the  factor  1  -  0<K)366fH  must  be  used. 

The  following  table  maj  be  of  value  in  gas  analysis : — 

Deiudty  and  volume  of  Mdroury  and  of  Water. 


1                    tutelar. 

w.t«. 

jwrtghtoflcc. 

TolBiM  at  I  g.m. 

Wright  of  ic.«. 

Vol«».ofl,.n.. 

n 

I      13-S96 

■073551 

■999884 

1000116 

4 

13-686 

-073605 

1-000013 

■999987 

5 

'      13-584 

■073617 

1-000003 

■999997 

10 

13-572 

073681 

-999760 

1000240 

15 

1      13559 

■073752 

-999173 

1  -000828 

*J0 

1      13-647 

■073817 

■998273 

1-001731 

2B 

1      13-535 

-073886 

997133 

1-002875 

30 

j      13-523 

■073953 

■99S778 

1-004240 

Tables  have  lieen  construct«tl  containing  the  values  of  T;  of 
1000  k  (l+0-003665(),  and  of  760  x  (1  +  ©■0036650,  which  very 
much  facilitate  the  numerous  calculations  required  in  this  branch  of 
analysis.*     Tliese  will  bo  found  at  the  end  of  the  Iwok. 


nrd  ■  oopr  ot  t 
B,  on  nc«pt  of 


of  the*e  Tible*.  printed  Hpntelf  for  liLbontorj  oh. 
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We  shall  now  be  in  a  position  to  examine  the  methods  employed 
in  gas  analysis.  Some  gases  may  be  estimated  directly ;  that  is,  they 
may  be  absorbed  by  certain  reagents,  the  diminution  of  the  volume 
indicating  the  quantity  of  the  gas  present.  Some  are  determined 
indirectly ;  that  is,  by  exploding  them  with  other  gases,  and 
measuring  the  quantities  of  the  products.  Some  gases  may  be 
estimated  either  directly  or  ijidirectly,  according  to  thajcircumstances. 
under  which  they  are  found. 


1.     GASES  ESTIMATED  BIBECTLY. 

A.  Gases  Absorbed  by  Crystallized  Sodium  Phosphate 

and  Potassium  Hydrate:— 

Hydrochloric  acid, 
Hydrobromic  acid, 
Hydriodic  acid. 

B.  Gases  Absorbed  by  Potassium  Hydrate,  and  not  by 

Crystallized  Sodium  Phosphate:— 

Carbonic  anhydride. 
Sulphurous  anhydride, 
Hydrosulphuric  acid. 

C.    Gases  Absorbed  by  neither  Crystallized  Sodium 
Phosphate  nor  Potassium  Hydrate:— 

Oxygen, 
Nitric   oxide. 
Carbonic   oxide, 

Hydrocarbons  of  the  composition  Cn  HgU, 
Hydrocarbons   of   the   formula   (Cn   H2n  +  1)2, 
Hydrocarbons  of  the  formula  Cn  H2n  +  2, 
except  Marsh  gas. 

2.    GASES   ESTIMATED    INDIBECTLY. 

Hydrogen, 
Carbonic  oxide. 
Marsh  gas. 
Methyl, 

Ethylic  hydride. 
Ethyl, 

Propylic  hydride, 
Butylic  hydride, 
.   Nitrogen. 
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BIBECT    ESTIMATIONS* 

Group  A,  containing  Hydroohlorio,  Hydrobromic,  and 

Hydriodio   Aoids. 

§  103.  In  Bunsen's  method  the  reagents  for  absorption  are 
generally  used  in  the  solid  form,  in  the  shape  of  bullets.  To  make 
the  bullets  of  sodium  phosphate,  the  end  of  a  piece  of  platinum  wire, 
of  about  one  foot  in  length,  b  coiled  up  and  fixed  in  the  centre  of 
a  pistol-bullet  mould.     It  is  well  to  bend  the  handles  of  the  mould, 


Pig  92.  Fig.  93. 

80  that  when  it  is  closed  the  handles  are  in  contact,  and  may  be 
fastened  together  by  a  piece  of  copper  wire  (fig.  92).  The  usual 
practice  is  to  place  the  platinum  wire  in  the  hole  through  which  the 
mould  is  filled ;  but  it  is  more  convenient  to  file  a  small  notch  in  one 
of  the  faces  of  the  open  mould,  and  place  the  wire  in  the  notch  before 
the  mould  is  closed.  In  tliis  manner  the  wire  is  not  in  the  way  during 
the  casting,  and  it  is  subsequently  more  easy  to  trim  the  bullet.  Some 
ordinary  crystallized  sodium  phosphate  is  fused  in  a  platinum  crucible 
(or  better,  in  a  small  piece  of  wide  glass  tube,  closed  at  one  end,  and 
with  a  spout  at  the  other,  and  held  by  a  copper-wire  handle),  and 
poured  into  the  bullet  mould  (fig.  93).  When  quite  cold,  the  mould 
is  first  gently  warmed  in  a  gas-fiame,  opened,  and  the  bullet  removeil. 
If  the  warming  of  the  mould  is  omitted,  the  bullet  is  frequently 
broken  in  consequence  of  its  adhering  to  the  metal.  Some  chemists 
recommend  the  use  of  sodium  sulphate  instead  of  phosphate,  which 
may  be  made  into  balls  by  dipping  the  coiled  end  of  a  piece  of 
platinum  wire  into  the  salt  fused  in  its  water  of  crystallization.  On 
removing  the  wire,  a  small  quantity  of  the  salt  will  remain  attached 
to  the  wire.  Wlien  this  has  solidified,  it  is  again  introduced  for  a 
moment,  and  a  larger  quantity  will  collect;  and  this  is  repeated  until 
the  Imll  is  sufficiently  largn.  The  balls  must  be  quite  smooth,  in 
order  to  prevent  the  introduction  of  any  air  into  the  eudiometer. 
When  the  bullets  are  made  in  a  mould,  it  is  necessary  to  remove 
the  short  cylinder  which  is  produced  by  the  orifice  through  which 
the  fused  salt  has  been  poured. 

In  the  estimation  of  these  gases,  it  is  necessary  that  they  should  be 
perfectly  dry.  This  may  ])e  attained  by  introducing  a  bullet  of  fused 
calcium  chloride.  After  the  lapse  of  about  an  hour,  the  bullet  may 
be  removed,  the  absorption  tube  placed  in  a  vertical  position,  with 
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thermometer,  etc.,  arranged  for  the  reading,  and  left  for  half  an  hour 

to  assuQie  tlie  temperature  of  the  air.     When  the  reading  has  been 

taken,  one  of  the  buUet^  of  sodium  phosphate  or  sodium  sulphate  is 

depressed  in  the  trough,  wiped  with  the  fingers  while  under  th© 

mercury  in  order  to  remove  any  air 

tliat  it  might  have  carried  down  with 

it,  and  introduced  into  the  absorption 

tube,    which    for    tliis    purpose    is 

inclined  and  held  in  one  hand,  while 

the  bullet  is  passed  into  the  tube 

with  the  other.     Care  must  be  taken 

that  the  whole  of  the  platinum  wire 

is  covered  with  mercury  while  the 

bullet  remains  in  the  gas,  otherwise 

there  is  a  risk  of  air  entering  the 

tube  between  the  mercury  and  the 

wire  (fig.  94). 

After  standing  for  an  hour,  the 
bullet  is  withdrawn  from  the 
absorption  tube.  This  must  he 
done  with  some  precaution,  so  as  to 

prevent  any  gas  being  removed  from  _^__^_^^^_ 

the  tube.    It  is  best  done  by  dmring  p)_  ^^ 

down  !the  bullet  by  a  brisk  move- 
inent  of  the  wire,  the  gas  being  detached  from  the  bullet  during  the 
rapid  descent  of  the  latter  into  the  mercury.  The  bullet  may  then 
be  more  alowly  removed  from  the  tube.  As  sodium  phosphate  and 
sodium  sulphate  contain  water  of  crystallization,  and  a  corresponding 
proportion  of  this  is  liberated  for  every  equivalent  of  sodium  chloride 
formed,  care  must  be  taken  that  the  bullets  are  not  too  small,  else  the 
water  set  free  will  soil  the  sides  of  the  eudiometer,  especially  if  there 
is  a  large  volume  of  gas  to  be  absorbed.  As  a  further  precaution, 
drive  off  some  of  the  water  of  crystallization  before  casting  the 
bullet.  When  the  bullet  has  been  removed,  the  gas  must  be  dried  ae 
before  with  calcium  chloride  and  again  measured.  If  two  or  more  of 
the  gases  are  present  in  the  mixture  to  be  analyzed,  the  sodium 
phoaphat«  ball  must  be  dissolved  in  water,  and  the  chlorine,  bromine, 
and  iodine  determined  by  the  ordinary  analytical  methods.  If  this 
has  to  be  done,  care  nmst  be  taken  that  the  sodium  phosphate 
employed  is  free  from  chlorine. 

Oroup  B.    Qaaea  absorbed  by  Potassium  Hydrate,  but  not 

by  Sodium  Phosphate. 

Carbonic    anhydride,    sulphuretted    hydrog.en,   and 

sulphurous   anhydride. 

§  104.  Ik  the  gases  occur  singly,  they  are  determined  by  means 
of  a  bullet  of  caustic  potash  made  in  the  same  manner  as  the  sodium 
phosphate  balls.  The  caustic  potash  employed  should  contain 
sufficient  water  to  render  the  bullets  so  soft  that  they  may  be  marked 
with  the  nail  when  cold.     Before  use   the   balls   must  he   sightly 
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moistened  with  water;  and  if  large  quantities  of  gas  have  to  he 
ahForbed,  the  bullet  must  be  removed  after  some  hours,  washed  with 
water,  and  returned  to  the  absoiption  tube.  The  absorption  may 
extend  over  twelve  or  eighteen  hours.  In  oider  to  ascertain  if  it  is 
ccnij.leted,  the  potash  ball  is  removed,  washed,  again  introduced,  and 
allowed  to  remain  in  contact  with  the  gas  for  about  an  hour.  If  no 
diminution  of  volume  is  observed  the  operation  is  finished. 

Tlie  following  analysis  of  a  mixture  of  air  and  carbonic  anhydride 
will  serve  to  show  the  mode  of  recording  the  observations  and  the 
methods  of  calculation  required. 

Analysis  of  a  Mixture  of  Air  and  Cail:cnio  Anhydride. 

1.     Gas  Satuiated  with  Moisture. 

Height  of  mercury  in  trouph         .  =         171*8  m.m. 

Height  of  mercury  in  absorption  eudio- 
meter .  .  .  .  =  89*0  m.m. 

Column  of  mercury  in  tube,  to  be  sub- 
tracted from  the  height  of  barometer  =  b  =   82*8  m.m. 

Height  of  mercury  in  eudiometer  =  89*0  m.m. 

Correction  for  error  of  meniscus   .  =  0*8  m.m. 

89*8  m.m. 


Volume   in   table   corresponding   to   89*8 

m.m.     ....  =V  =  96*4 

Temperature   at   which    the   reading  was 

made  .  .  .  =  ^  « 12*2* 

Height  of  barometer  at  time  of  observation  =  B  =  765*25  m.m. 

Tension  of  aqueous  vapour  at  12*2*  -  T=     10*6  m.m. 

V  Vx(B-//-T) 

^  1  "■  1000  X  (1  +  0*0036650  " 

96*4  X  (765*25 -82-8 -10*6)  _ 

1 000  X  [1  +  (0*003665  x  12*2)] " 
96-4  X  671-85  ^^^.^^^ 


1000  X  1*044713 

log.  96*4  =1*98408 

log.  671*85=2*82727 

4*81135 

log.    (1000x1044713)  =  301900 

1*79235  =  log.  61*994  =  Vi 


Corrected  volume  of  air  and  COj  =  Vj  =  61*994. 

After   a])irorption    of  carbonic   anhydride   ])y   bullet  of 

potassium   hydrate. 

Gas  Drv. 

Height  of  mercury  in  troujzh         .              =  172*0  m.m. 

Height   of   mercury    in   absorption  eudia 

meter    .             .             .             .              =  62*5  m.m. 

Column  of  mercury  in  eudiometer             =  h  =^  109*5  m.m. 
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Height  of  mercury  in  eudiometer  =  62*5  m.iii. 

Correction  for  error  of  meniscus   ,  ^  0'8  m.m. 

63*3  m.m. 


Volume   in   table  corresponding   to  63*3 

m.m.    .  .  .  .  =  V  =69*35 

Temperature         .  .  =  ^  =    10*8* 

Barometer  .  .  .  =  B  =  766*0  m.in, 

^  1 ""  "1000  X  ( 1  +  0*003665/) " 
69*35  X  (7660-109*5) 

1000  X  [1  +  (0*003665  x  10*8)]  " 
69*35  X  656*5 

1000  X  1*039582  ""^'^  '^^ 
log.  69*35=1*84105 
log.  656*5   =2*81723 

4*65828 
log.  (1000  X  1039582)  =  3*01686 

1*64142  =  log.  43*795  =  Vi 


Corrected  volume  of  air  =  43*795 
Air +  C02  =  61*994 
Air  =  43*795 


C02=  18*199 


61*994  :  18199  :  :  100  :  .c  =  percentage  of  CO2 

18*199x100 
•^^       61^5~  "^^'^^^ 

Percentage  of  COg  in  mixture  of  air  and  gas  =  29*355. 


Gas  Moist. 

Height  of  mercury  in  trough         .  =  174*0  m.m. 

Height  of  mercury  in  eudiometer  =  98*0  m.m. 

Column  of  mercury  in  tube        ~^,  =  Z>  =    76*0  m.m. 


Height  of  mercury  in  eudiometer  -  =  98*0  m.m. 

Correction  for  error  of  meniscus   ►  =  0*8  m.m. 


98*8  m.m. 


Volume   in   table,  corresponding  to  98*8 

m.m.  .             .             =  V  =  105*6 

Temperature         .  .             =   /  =    12-5'* 

Barometer            .  •            •             =  B  =  738*0  m.m. 

Tension  of  aqueous  vapour  at  12*5°  =  T  =    10*8  m.m. 

Corrected    volume  of    air    and    carbonic 

anhydride         .  .             .              ==         65*754 
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After  absorption  of  COj. 

Gas  Dry. 

Height  of  mercury  in  trough         .  =  173*0  m.m. 

Height   of   mercury    in   absorption  eudio- 
meter .  .  .  .  =  70*3  m.m. 

Column  of  mercury  in  tube  .  =  h  =  102'7  m.m^ 

Height  of  mercury  in  eudiometer  =  70*3  m.m. 

Correction  for  error  of  meniscus    .  =  0'8  m.m. 


71*1  m.m. 


Volume   in   table   corresponding   to    71*1 


m.m. 


=  V=   77-4 


Temperature  .  .  .  =  /  =    14*1° 

Barometer  .  .  .  =  B  =  733*5  m.m. 

Corrected  volume  of  air=  46*425 

Air +  C02  =  65-754 

Air  =46*425 

C(  )2  =  19*329 

65*754  :  19*329  :  :  100  :  22*396. 

I.  II. 

Percentage  of  COj  in  mixture  of  air  and  gas  29*335     25*396 

If  either  sulphurous  anhydride  or  sulphuretted  hydrogen  occurs 
together  witli  carbonic  anhydride,  one  or  two  modes  of  operation  may 
be  followed.  Sulphuretted  hydrogen  and  sulphurous  anhydride  are 
absorbed  by  manganic  peroxide  and  by  ferric  oxide,  which  may  l)e 
formed  into  bullets  in  the  following  manner.  The  oxides  are  made 
into  a  paste  with  water,  and  introduced  into  a  bullet  mould,  the 
interior  of  which  has  been  oiled,  and  containing  the  coiled  end  of  a 
piece  of  platinum  wire ;  the  mould  is  tlien  placed  on  a  sand  bath  till 
the  ball  is  dry.  The  oxides  will  now  l>e  left  in  a  porous  condition, 
which  would  be  inadmissible  for  the  purpose  to  which  they  are  to  Ikj 
applied ;  the  balls  are  therefore  moistened  several  times  with  a  sirupy 
solution  of  phosphoric  acid,  care  being  taken  tliat  they  do  not  become 
too  soft,  so  as  to  render  it  difficult  to  introduce  them  into  the  eudio- 
meter. After  the  sulphuretted  hydrogen  or  sulphurous  anhydride  has 
been  removed,  the  gas  should  be  dried  by  means  of  calcium  chloride. 
The  carbonic  anhydride  can  now  be  determined  by  means  of  the 
bullet  of  potassium  hydrate. 

The  second  method  is  to  aljsorb  the  two  gases  by  means  of  a  ball  of 
potassium  hydrate  containing  water,  but  not  moistened  on  the  exterior, 
then  to  dissolve  the  bullet  in  dilute  acetic  acid  which  has  been 
previously  lioiled  and  allowed  to  cool  without  access  of  air,  and  to 
determine  the  amount  of  sulphuretted  hydrogen  or  sulphurous 
anhydride  by  means  of  a  standard  solution  of  iodine.  This  process  is 
especially  applicable  when  rather  small  quantities  of  sulphuretted 
hydrogen  have  to  be  estimated. 

M    M 
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Group  C.  This  group  contains  the  gases  not  absorbed  by 
Potassium  Hydrate  or  Sodiuim  Phosphate,  and  consists 
of  Oxygen,  Nitric  Oxide,  Carbonic  Oxide,  Hydrocarbons 
of  the  formulffi  CnHjnCCiiHsn  + 1  )2,  and  CnH^n  +  s,.  except 
Marsh  gas. 

§  105.  Oxygen  was  formtoly  determined  by  means  of  4  ball  of 
phosphorus,  hut  it  is  difficult  subsequently  to  free  the  gas  from  the 
phosphorous  acid  produced,  and  which  exerts  some  tension,  and  so  vitiatea 
the  results ;  besides  which,  the  presence  of  some  gases  interferes  with 
the  Absorption  of  oxygen  by  phosphorus ;  and  if  any  potassium  hydrate 
remains  on  the  side  of  the  tube,  from  the  previous  absorption  of 
carbonic  anhydride,  there  is  a  possibility  of  the  formation  of 
phosphoretted  hydrogen,  which  would,  of  course,  vitiate  the  analysis. 
A  more  convenient  reagent  is  a  freshly  prepared  alkaline  solution  of 
potassium  pyrogallate  introduced  into  the  gas  in  a  bullet  of  papier- 
mache^.  The  balls  of  papier-mach6  are  made  by  macerating  filter- 
pa})er  in  water,  and  forcing  as  much  of  it  as  possible  into  a  bullet 
mould  into  which  the  end  of  a  piece  of  platinum  wire  has  been  intro- 
duced. In  order  to  keep  the  mould  from  opening  while  it  is  being 
filled,  it  is  well  to  tie  the  hajidles  together  with  a  piece  of  string  or 
wire,  and  when  charged  it  is  placed  on  a  sand  bath.  After  the  mass 
is  dry  the  mould  may  be  opened,  when  a  large  absorbent  bullet  will 
have  been  produced.  The  absorption  of  oxygen  by  the  alkaline 
pyrogallate  is  not  very  rapid,  and  it  may  be  necessary  to  remove  the 
ball  once  or  twice  during  the  operation,  and  to  charge  it  freshly. 

Nitric  oxide  cannot  be  readily  absorbed  in  an  ordinary  absorption 
tube  ;  it  may,  however,  be  converted  into  nitrous  anhydride  and  nitrie 
peroxide  by  addition  of  excess  of  oxygen,  absorbing  the  oxygen  com 
pounds  with  potassium  hydrate,  and  the  excess  of  oxygen  by  potas 
sium  pyrogallate.  The  diminution  of  the  volume  will  give  the  quantity 
of  nitric  oxide.  This  process  is  quite  successfid  when  the  nitric  oxide 
is  mixed  with  olefiant  gas  and  ethylic  hydride,  but  it  is  possible  that 
other  hydrocarbons  might  be  acted  on  by  the  nitrous  compounds. 

Carbonic  oxide  may  be  absorbed  by  two  reagents.  If  carbonic 
anhydride  and  oxygen  be  present  they  must  be  absorbed  in  the  usual 
manner,  and  afterwards  a  papier-mach^  ball  saturated  with  a  con- 
centrated solution  of  cuprous  chloride  in  dilute  hydrochloric  acid 
introduced.  A  ])all  of  caustic  potash  is  subsequently  employed  to- 
Temove  the  hydrochloric  acid  given  off  by  the  previous  reagent,  and  ta 
dry  the  gas.  Carbonic  oxide  may  also  be  absorbed  by  introducing  a 
ball  of  potassium  hydrate,  placing  the  absorption  tube  in  a  beaker  of 
mercury  and  heating  the  whole  in  a  water  bath  to  100**  for  60  hours. 
The  carbonic  oxide  is  thus  converted  into  potassixun  formate  and 
entirely  absorbed. 

Olefiant  Gas  and  other  Hydrocarbons  of  the  formula 
CnHgU  are  absorbed  by  Nordhausen  sulphuric  acid,  to  which  an 
additional  quantity  of  sulphuric  anhydride  has  been  added.  Such  an 
acid  may  be  obtained  by  heating  some  Nordhausen  acid  in  a  retort 
connected  with  a  receiver  containing  a  small  quantity  of  the  same 
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acid.  This  liquid  is  introduced  into  the  gas  by  means  of  a  dry  coke 
bullet.  These  bullets  are  made  by  filling  the  mould,  into  which  the 
usual  platinum  wire  has  been  placed,  with  a  mixture  of  equal  weights 
of  finely  powdered  coke  and  bituminous  coal.  The  mould  is  then 
heated  as  rapidly  as  possible  to  a  bright  red  heat,  and  opened  after 
cooling ;  a  hard  porous  ball  will  have  been  produced,  which  may  be 
employed  for  many  different  reagents.  It  is  sometimes  difficult  to 
obtain  the  proper  mixture  of  coal  and  coke,  but  when  once  prepared, 
the  bullets  may  be  made  with  the  greatest  ease  and  rapidity.  The 
olefiant  gas  will  be  absorbed  by  the  sulphuric  acid  in  about  an  hour, 
though  they  may  be  left  in  contact  for  about  two  hours  with 
advantage.  If,  on  removing  the  bullet,  it  still  fumes  strongly  in  the 
air,  it  may  ])e  assumed  that  the  absorption  is  complete.  The  gas  now 
contains  sulphurous,  sulphuric,  and  perhaps  carbonic  anhydrides; 
these  may  be  removed  by  a  manganic  peroxide  ball,  followed  by  one 
of  potassium  hydrate,  or  the  former  may  be  omitted,  the  caustic 
potash  alone  being  used.  The  various  members  of  the  CnHjn  group 
cannot  be  separated  directly,  but  by  the  indirect  method  of  analysis 
their  relative  quantities  in  a  mixture  may  be  determined. 

Tlie  hydrocarbons  (CnHgU  4- 1)3  and  CnHgU  4-  2  niay  be  absorbed  by 
absolute  alcohol,  some  of  which  is  introduced  into  the  absorption  tul>e, 
and  agitated  for  a  short  time  with  the  gas.  Correction  has  then  to  be 
made  for  the  weight  of  the  column  of  alcohol  on  the  surface  of  the 
mercury,  and  for  the  tension  of  the  alcohol  vapour.  This  method 
only  gives  approximate  results,  and  can  only  be  employed  in  the 
j)resence  of  gases  very  slightly  soluble  in  alcohol. 

The  time  required  in  the  different  processes  of  absorption  just 
described  is  considerable ;  perhaps  it  might  be  shortened  by  surround- 
ing the  absorption  eudiometer  with  a  wider  tube,  similar  to  the 
external  tube  of  a  Liebig's  condenser,  and  through  which  a  current 
of  water  is  maintained.  By  means  of  a  thermometer  in  the  space 
between  the  tubes  the  temperature  of  the  gas  would  be  known,  and 
the  readings  might  be  taken  two  or  three  minutes  after  the  withdrawal 
of  the  reagents.  Besides  this  advantage,  the  great  precaution 
necessary  for  maintaining  a  constant  temperature  in  the  room  might 
be  dispensed  with.  A  few  experiments  made  some  years  ago  in  this 
direction  gave  satisfactory  results. 

INBIBECT   BETEBMINATIONS. 

§  106.  Gases  which  are  not  absorbed  by  any  reagents  that  are 
applicable  in  eudiometers  over  mercury,  must  be  determined  in  an 
indirect  manner,  by  exploding  them  with  other  gases,  and  noting 
either  the  change  of  volume  or  the  quantity  of  their  products  of 
decomposition ;  or  lastly,  as  is  most  frequently  the  case,  by  a  com- 
bination of  these  two  methods.  Thus,  for  example,  oxygen  may  be 
determined  by  exploding  with  excess  of  hydrogen,  and  observing  the 
contraction  ;  hydrogen  may  be  estimated  by  exploding  w^ith  excess  of 
oxygen,  and  measuring  the  contraction ;  and  marsh  gas  by  exploding 
with  oxygen,  measuring  the  contraction,  and  also  the  quantity  of 
carbonic  anhydride  generated. 

M    M   2 
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The  operation  is  oonduoted  in  the  following  manner ; — The  long 
eudiometer  fumiehed  with  explosive  wires  is  filled  with  mercury, 
, {after  a  drop  of  \niter  has  been  placed  at.  the  top  of  the  tube  by 
-means  of  an  iron  wire,  as  l>efore  described),  and  some  of  the  gas  to ' 
be  analyzed  is  introduced  from  the  absorption  eudiometer.  This  gaa 
is  then  meaaiimd  with  the  usuaj  precautions,  and  an  excess  of  oxygen 
or  hydrogen  (as  the  case  may  be)  introduced.  These  gases  may  be 
passed  into  the  eudiometer  directly  from  the  apparatus  in  which  they 
are  prepared ;  or  they  may  he  previously  collected  in  lipped  tubes  of 
the  form  of  absorption  tubes,  so  as  to  he  always  ready  for  use. 

For  the  preparation  of  the  oxygen  a  bulb  is  used,  which  is  blown  at 
the  closed  end  of  a  piece  of  combustion  tube.  The  bulb  is  about  half 
filled  with  dry  powdered  potassium  chlorate,  the  neck  drawn  out,  and 
bent  to  form  a  delivery  tube.  The  chlorate  ia  fused,  and  the  gas 
allowed  to  escape  for  some  time  to  ensure  the  expulsion  of  the 
atmospheric  air ;  the  end  of  the  delivery  tube  is  then  brought  under 
the  orifice  of  the  eudiometer,  and  the  necessary  quantity  of  gas 
admitted.  When  it  is  desired  to  prepare  the  oxygen  beforehand,  it 
may  be  collected  directly  from  the  bulb ;  or,  another  method  to  obtain 
the  gas  free  from  air  may  be  adopted  by  those  who  are  provided  with 
the  necessary  appliances.  This  is,  to  connect  a  bulb  containing 
potassium  chlorate  with  a  Sprengel'e  mercurial  air-pump,  and,  after 
heating  the  chlorate  to  fusion,  to  produce  a  vacuum  in  the  apparatus. 
The  chlorate  may  be  again  heated  until  oxygen  begins  to  pass  through 
the  mercury  at  the  end  of  the 
Sprengel,  the  heat  then  with- 
drawn, and  a  vacuum  again 
obtained.  The  cldorate  is  once 
more  heated,  and  the  oxygen 
collected  at  the  Iwttom  of  the 
Sprengel.  Of  course  the 
usual  precautions  for  obtaining 
an  air-tight  joint  between  the 
bulk  and  the  Sprengel  must 
be  taken,  sucb  as  surrounding 
the  caoutchouc  connector  with 
a  tube  filled  with  mercury. 

The  hydri^n  for  these 
experiments  must  be  prepared 
by  electrolysis,  since  that  from 
other  sources  is  liable  to  con- 
tamination with  impurities 
wliich  would  vitiate  tlie 
analysis.  The  apparatus  em- 
ployed by  Bunsen  for  this 
purpose  (fig.  95)  consists  of 
«  glass  tube,  closed  at  tlie 
lower  end,  and  with  a  funnel 
at  the  other,  into  wliich  a  de- 
livery tube  is  ground,  the  funnel  acting  as  a  water-joint. 
platinum  wire  is  sealed  into  the  lower  part  of  the  tube;  and  i 
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the  upper  end  another  wire,  with  a  platinum  plalu  attached,  is  fused 
into  the  glass.  Some  amalgam  of  zinc  is  placed  iutu  the  tube  so  as  to 
cover  the  lower  platinum  wire,  and  the  apparatus  filled  nearly 
to  tl#  neck  with  water,  acidulated  witli  sulphuric  acid.  On  con- 
necting the  platinum  wires  with  a  battery  of  two  or  tliree 
cells,  the  upper  wire  being  mode  the  negative  electrode,  pure  hydrogen 
is  evolved  from  the  platinum  plate,  and,  after  the  expulsion  of  the  air, 
may  be  at  once  passed  into  the  eudiometer,  or,  if  prcfcrretl,  collected 
in  tubes  for  future  use.  Unfortunately,  in  this  form  of  apparatus, 
the  zinc  amalgam  soon  becomes  covered  with  a  saturated  solution  of 
iinc  sulphate,  which  puts  a  stop  to  the  electrolysis.  In  order  to 
remove  this  layer,  Itunsen  has  a  tube  fused  into  the  apparatus  at  the 
surface  of  the  amalgam  ;  this  is  bent  upwanls  parallel  to  tlie  larger 
tube,  and  curved  downwards  just  below  the  level  of  the  funnel.  The 
end  of  the  tube  is  closed  with  a  caoutchouc  stopper.  Un  removiiig 
the  stopper,  an<t  pouring  fresh  acid  into  tlio  funnel,  the  saturated 
liquid  is  expelled. 

Another  form  of  apparatus  for  preparing  electrolytic  hydrcigen  may 
readily  be  constructed.  A  six-ounce  wide-mouth  bottli>  is  fitted  with 
a  good  cork,  or  better,  with  a  caoutchouc  stop[>er.  In  the  Btopp<>r 
four  tubes  are  fitted  (fig.  96).  The  first  is  a  delivery  tube,  provided 
with  a  U-tube,  containing  broken  glass  arid  sulphuric  acid,  to  conduct 
the   liydiogen   to   the    mercurial   trough.      The   second   tube   about 

6  centimeters  long,  and  filled  with  mercury,  has  fused  into  its  lower 
end  a  piece  of  idatinum  wire 
carrying  a  strip  of  foil,  or 
the  wire  may  be  simply 
datt^ned.  The  thinl  tube  posses 
nearly  to  the  bottom  of 
the  liottle,  the  portion  above 
the  cork  is  licnt  twice  at  right 
angles,  and  cut  off,  so  that 
the  i)|)en  end  ia  a  litUe 
above  the  level  of  the 
shoulder  of  the  bottle  ;  a  piece 
of  caoutchouc  tulie,  closed  by 
a  compression  cock,  is  fitted  to 
the  end  of  the  tube.  The 
fourth  tu1>c  is  a  piece  of 
combustion  tiilie  about  30 
centimeters  in  length,  and 
which  may  with  advantage  be 
formed   int<)   a  funnel  at  the 

,    top.     Tliis  tul>e  roacbt's  alrout 

one-tliird  down  the  battle,  and 

inside  it  is  ]ilaced  a  narrower 

"'»  ■■"■  glass    tube,    attached    at    its 

lower    end     by    a     piece    of 

caoutchouc  connector  to  a  rod  of  amalgamated  zinc.  Tlie  lube  is  fiUe 

with  mercurj'  to  enable  the  operator  readily  to  connect  the  zinc  with 

the  battery ;  some  zinc  amalgam  is  placed   at  the  Ixtttom  of  the 
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bottle ;  and  dilute  sulphuric  acid  is  poured  in  tlirough  the  wide 
tube  until  the  bottle  is  nearly  filled  with  liquid.  To  use  the 
Apparatus,  the  delivery  tube  is  dipped  into  mercury,  the  wire 
from  the  positive  pole  of  the  battery  placed  into  the  mftcury 
in  the  tube  to  which  the  zinc  is  attached,  and  the  negative 
pole  connected  by  means  of  mercury  with  the  platinum  plate. 
The  current,  instead  of  passing  between  the  amalgam  at  the 
bottom  of  the  vessel  and  the  platinum  plate,  as  in  Bun  sen's 
apparatus,  travels  from  the  rod  of  amalgamated  zinc  to  the  platinum, 
consequently  the  circuit  continues  to  pass  until  nearly  the  whole  of 
the  liquid  in  the  bottle  has  become  saturated  with  zinc  sulphate.  As 
soon  as  the  hydrogen  is  evolved,  of  course  a  column  of  acid  is  raised 
in  the  funnel  untU  the  pressure  is  sufficient  to  force  the  gas  through 
the  mercury  in  which  the  delivery  tube  is  placed.  Care  must  be  taken 
that  the  quantity  of  acid  in  the  bottle  is  sufficient  to  prevent  escape  . 
of  gas  through  the  f imnel  tube,  and  also  that  the  delivery  tube  does 
not  pass  too  deeply  into  the  mercury  so  as  to  cause  the  overflow  of 
the  acid.  When  the  acid  is  exhausted,  the  compression  cock  on  the 
bent  tube  is  opened  and  fresh  acid  poured  into  the  funnel ;  the  dense 
zinc  sulphate  solution  is  thus  replaced  by  the  lighter  liquid,  and  the 
apparatus  is  again  ready  for  use. 

A  very  convenient  apparatus  for  transferring  oxygen  and  hydrogen  into 
eudiometers  is  a  gas  pipette,  figured  and  described  (fig.  67,  page  440). 

It  is  necessary  in  all  cases  to  add  an  excess  of  the  oxygen  or 
hydrogen  before  exploding,  and  it  is  well  to  be  able  to  measure 
approximately  the  amount  added  without  going  through  the  whole 
of  the  calculations.  This  may  be  conveniently  done  by  making 
a  rough  calibration  of  the  eudiometer  in  the  following  manner : — 
The  tube  is  filled  with  mercury,  a  volume  of  air  introduced  into  it 
from  a  small  tube,  and  the  amount  of  the  depression  of  the  mercury 
noted ;  a  second  volume  is  now  passed  up,  a  further  depression  will 
be  produced,  but  less  in  extent  than  the  previous  one,  in  consequence 
of  the  shorter  column  of  mercury  in  the  tube.  This  is  repeated 
until  the  eudiometer  is  filled,  and  by  means  of  a  table  constructed 
from  these  observations,  but  without  taking  any  notice  of  the 
variations  of  thermometer  or  barometer,  the  operator  can  introduce 
the  requisite  quantity  of  gas.  It  may  be  convenient  to  make  this 
calibration  when  the  eudiometer  is  inclined  in  the  support,  and  also 
when  placed  perpendicularly,  so  that  the  gas  maybe  introduced  when  the 
tube  is  in  either  position.    A  table  like  the  following  is  thus  obtained : — 


Divisions. 

Measures. 
1 

Tube 
Inclined. 

27 

Tube 
Perpendicular 

45 

2 

45 

69 

3 

61 

87 

4 

75 

102 

5 

88 

116 

6 

100 

128 

7 

109 

138 

&c. 

&c. 

&c. 
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In  explosions  of  hydrocarbons  with  oxygen,  it  is  necessary  to 
have  a  considerable  excess  of  the  latter  gas  in  order  to  moderate 
the  violence  of  the  explosion.  The  same  object  may  be  attained  by 
diluting  the  gas  with  atmospheric  air,  but  it  is  found  that  sufficient 
oxygien  serves  equally  well.  If  the  gas  contains  nitrogen,  it  is 
necessary  subsequently  to  explode  the  residual  gas  with  hydrogen; 
and  if  oxygen  only  has  been  used  for  diluting  the  gas,  a  very  large 
quantity  of  hydrogen  must  be  added,  which  may  augment  the  volume 
in  the  eudiometer  to  an  inconvenient  extent.  When  atmospheric 
air  has  been  employed,  this  inconvenience  is  avoided.  After  the 
introduction  of  the  oxygen,  the  eudiometer  is  restored  to  its 
vertical  position,  allowed  to  stand  for  an  hour,  and  the  volume 
read  off. 

The  determination  of  the  quantity  of  oxygen  which  must  be  added 
to  combustible  gases  so  as  to  prevent  the  explosion  from  bemg  too 
violent,  and  at  the  same  time  to  ensure  complete  combustion,  has  been 
made  the  subject  of  experiment.  When  the  gases  before  explosion 
are  under  a  pressure  equal  to  about  lialf  that  of  the  atmosphere,  the 
following  proportions  of  the  gases  must  be  employed  : — 


Hydrogen  .... 
Car]x)nic  oxide   . 

Volume  of 
Combustible  Gas. 

1 
1 

Volume  of 
OxjKen. 

1-5 
1-5 

Marsh  gas           ... 

• 

1 

5 

Gases    containing   two   atoms 
carbon   in   the  molecule. 

of 
as 

• 

Methyl,  CaH^      . 
Gases  containing  three  atoms 
carlx)n    in    the  molecule, 

of 
as 

1 

10 

Propylic  hydride,  CjjHg 
Ga.ses   containing   four  atoms 
carbon   in   the  molecule. 

of 
as 

1 

18 

Ethyl,  C.Hjo       . 

• 

1 

25 

111  cases  of   mixtures  of   two  or  more  combustible  gases 
proportionate  quantities  of  oxygen  must  be  introduced. 

At  the  time  of  the  explosion,  it  is  necessary  that  the 
eudiometer  should  be  carefully  closed  to  prevent  the  loss  of  Fig.  97. 
gas  by  the  sudden  expansion.  For  this  purpose  a  thick 
plate  of  caoutchouc,  three  or  four  centimeters  wide,  is  cemented  on 
a  piece  of  cork  by  means  of  marine  glue,  or  some  similar  substance, 
and  the  lower  surface  of  tlio  cork  cut  so  as  to  lie  firmly  at  the 
bottom  of  the  mercurial  trough  (fig.  98).  It  is,  however,  prefer- 
able to  have  tlie  caoutchouc  firmly  fixed  in  the  trough.  As  the 
mercury  does  not  adhere  to  the  caoutchouc,  there  is  some  risk  of 
air  entering  the  eudiometer  after  the  explosion;  this  is  obviated 
by  rubbing  the  plate  with  some  solution  of  corrosive  sublimate 
before  introducing  it  into  the  mercury,  which  causes  tlie  metal  to 
wjet  the  caoutchouc  and  removes  all  air  from  its  surface.  When 
the  caoutchouc  is  not  fixed  in  the   trough,  the  treatment  with  the 
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corroBJve  sublimate  has  to  be  rejteated  before  every  experimant, 
anil  this  soils  the  surface  of  the  mercury  to  an  inconvenient  extent. 
The  cushion  is  next  depressed  to  the  bottom  of  the  trough,  and  tke 
eudiometer  placed  oti  it  and  firmly  held  Oown  (fig.  98).  If  this  is 
done  ^rith  the  hands,  the  tube  must  be  hold  by  that  portion  containing; 
the  mercury,  for  it  is  found  tliat  when  eudiometers  burst  (which, 
however,  only  happens  when  acme  precaution,  has  been  neglected) 
they  invariably  give  way  just  at  the  level  of  the  mercuiy  with* 
in  the  tube,  and  serious  accidents  might 
occur  if  the  hands  were  at  this  point. 
The  cause  of  the  fracture  at  this  iwiot  ia 
the  following  ; — Thougli  the  g£is  is  at  a 
pressure  below  tliat  of  the  atmosphcn- 
before  the  explosion,  yet  at  the  instant  of 
tlie  passage  of  the  spark,  the  expansion  of 
the  gas  at  the  top  of  the  tube  condenses 
the  Uyei  Just  below  it ;  tliis  on  exploding 
increases  the  density  of  the  gai  further 
down  the  tube,  and,  by  the  time  the 
ignition  is  communicated  to  the  lowest 
quantity  of  gas,  it  may  be  at  a  pressui'e  far 
above  that  of  the  atmosphere.  It  may 
be  thought  that  the  ex)>losion  is  so 
instantaneous  that  this  explanation  is 
merely  theoretical  ;  but  on  exploding  a 
long  column  of  gas,  the  time  required 
for  the  complete  ignition  is  quite  per- 
ceptible, and  sometimes  the  flasli  may  be 
olaerved  to  be  more  brilliant  at  the  surface 
of  t!ic  mercury.  Some  experimenters 
prefer  to  fix  the  eudiometer  by  means  of 
an  arm  from  a  vertical  stand,  the  arm 
being  hollowed  out  on  the  under  side,  and 
tlie  cavity  lined  with  cork. 

If  a  large  quantity  of  incombustible 
gas  is  present,  the  inflammability  of  the 
mixture  may  be  so  much  reduced  that 
either  the  explosion  does  not  take  place  ^^  ^^■ 

at  all,  or,  what  may  be  worse,  only  a  partial  combustion  ensues. 
To  obviate  this,  some  explosive  mixture  of  oxygen  and  hydn^en, 
obtained  by  the  electrolysis  of  water,  must  be  introduced. 
The  apparatus  used  by  Bun  sen  for  this  purpose  is  shown  in 
fig.  99.  The  tube  in  which  the  electrolysis  takes  place  is 
surroimded  by  a  cylinder  containing  alcohol,  in  order  to  prevent  the 
heating  of  the  liquifL  A  convenient  apparatus  for  the  preparation  of 
this  gas  is  made  by  blowing  a  bulb  of  about  four  centimeters  in 
diameter  on  the  end  of  a  piece  of  narrow  glass  tube,  sealing  two  pieces 
of  flattened  platinum  wire  into  opposite  aides  of  the  globe,  and  bending 
the  tube  so  as  to  form  a  delivery  tube.  Dilute  sulphuric  acid, 
containing  about  one  volume  of  acid  to  twenty  of  water,  is  introduced 
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into  the  globe,  either  before  bending  the  tulic,  by  meanii  of  a  funnel 
with  a  line  long  stem,  or,  after  the  landing,  by  warming  tlie  apparatus, 
and  plunging  the  tube  into  the  acid.  Care  must  be  taken  that  the 
acid  is  dilute,  and  that  the  battery  is  not  too  strong,  in  order  to  avoid 
the  formation  of  ozone,  which  would  attack  the  mercury,  causing  the 
sides  of  the  eudiometer  to  be  soiled,  at  the  same  time  producing  a  gas 
too  rich  in  hydrogen. 

The  spark  necessary  to 
effect  the  explosion  may 
be  obtained  from  aeveial 
sources.  An  ordinary 
electrical  machine  orelectro- 
phorus  raay  be  used,  but 
these  are  liable  to  get  out 
of  order  by  damp. 
Bunsen  uses  a  porcelain 
tube,  which  is  rubbed  with 
a  silk  rubber,  coat«d  with 
electrical  amalgam  ;  by 
means  of  this  a  small 
Ley  den  jar  is  charged. 
A  still  morS'  convenient 
apparatus  is  an  induction 
coil  large  enoi^h  to  produce 
a  spark  of  half  an  inch  in 
length. 

After  the  explosion,  the 
eudiometer  is  slightly  raised 
from  the  caoutchouc  plate 
to  allow  the  entrance  of 
mercury.  When  no  more 
mercury  rushes  in,  the  tube 
is  removed  from  the 
caoutchouc  plate,  placed  in 
a  perpendicular  position, 
and  allowed  to  remain  for  at  least  an  hour  before  reading.  After 
measuring  the  contraction,  it  is  generally  necessary  to  absorb 
the  carbonic  anhydride  formed  by  the  combustion  by  means  of 
a  potash  ball,  in  the  way  previously  described.  In  some  rare 
instances  the  amomit  of  water  produced  in  the  explosion  with 
oxygen  must  be  measured.  If  this  has  to  he  done,  the  eudio- 
meter, the  mercury,  the  original  gas,  and  the  oxygen  must  all  be  care- 
fully dried.  After  the  explosion,  the  eudiometer  is  transferred  to  a 
circular  gtasst  vessel  containing  mercuiy,  and  attachetl  to  an  iron-wire 
supi>ort,  by  which  the  entire  arrangement  can  be  suspended  in  a  glass 
tu1)e  adapted  to  the  top  of  an  iron  boiler,  from  which  a  rapid  current 
of  ateara  may  be  passed  through  the  glass  tube,  so  as  to  heat  the 
eudiometer  and  mercury  to  an  uniform  temperature  of  100°.  From 
tlip  measurements  obtained  at  this  temperature  the  amount  of  water 
priHluced  may  bo  calculated.     If  three  combustible  gases  are  present, 
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ihe  only  data  required  for  calculation  are,  the  original  volume  of  the 
gas,  the  contraction  on  explosion,  and  the  amount  of  carhonic 
anhydride  generated.  When  the  original  gas  contains  nitrogen,  the 
residue  after  explosion  with  excess  of  oxygen  consists  of  a  mixture  of 
oxygen  and  nitrogen.  To  this  ah  excess' of  hydrogen  is  added,  and 
the  mixture  exploded;  the  contraction  thus  produced  divided  by 
3  gives  the  amount  of  oxygen  in  the  residual  gas,  and  the  nitrogen  is. 
found  by  diflference. 

It  is  obvious  that,  by  subtracting  the  quantity  of  residual  oxygwi, 
thus  determined  by  explosion  with  hydrogen,  from  the  amount  added, 
in  the  first  instance,  to  the  combustible  gas,  the  volume  of  oxygen 
consumed  in  the  explosion  may  be  obtained.  Some  chemists  prefer 
to  employ  this  number  instead  of  the  contraction  as  one  of  the  data 
for  the  calculation. 

We  must  now  glance  at  the  mode  of  calculation  to  be  employed  for 
obtaining  the  percentage  composition  of  a  gas  from  the  numbers 
arrived  at  by  the  experimental  observations. 

The  following  table  shows  the  relations  existing  between  the 
volume  of  the  more  important  combustible  gases  and  the  products  of 
the  explosion : — 


Name  of  Oos. 


Hydrogen,  H 
Carbonic  Oxide,  CO 
Methylic  Hydride,  CHgH 
Acetylene,  CjHg 
defiant  Gas,  CgH^ 
Methyl,  CHg,  CH, 
Ethylic  Hydride,  CgHj^H 
Propylene,  CgH^ 
Propylic  Hydride,  C3H7H 
Butylene,  C^Hg 
Ethyl,  C2H5,  C2H5 
Butylic  Hydride,  C^H^H 


ass 
►6 


^«1 
^^5 


I  i 

23  1^  O 

J  3*8 
g'S* 
6    w 


0-5 

0-5 

2 

2-5 

3 

3-5 

3-5 

4-5 

5 

6 

6-5 

6-5 


1-5 

0-5 

2 

1-5 

2 

2-5 

2-5 

2-5 

3 

3 

3-5 

3-5 


00^ 


o 


ill 
511 


0 

1 
1 
2 
2 
2 
2 
3 
3 
4 
4 
4 


As  an  example,  we  may  take  a  mixture  of  hydrogen,  carbonic  oxide, 
and  marsh  gas,  which  gases  may  be  designated  by  x^  y,  and  z 
respectively.  The  original  volume  of  gas  may  be  represented  by  A, 
the  contraction  by  C,  and  the  amount  of  carbonic  anhydride  by  D. 

A  will  of  course  be  made  up  of  the  three  components,  or 

A  =  ./r  +  y  +  z. 

C  will  be  composed  as  follows  : — When  a  mixture  of  hydrogen  and 
oxygen  is  exploded,  the  gas  entirely  disappears.  One  volume  of 
hydrogen  combining  with  half  a  volume  of  oxygen,  the  contraction 
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will  Be  1|  times  the  quantity  of  hydrogeh  present,  or  1^.  In  the 
case  of  carhonic  oxide,  1  volume  of  this  gas  uniting  with  half  its 
volume  of  oxygen  produces  1  volume  of  carbonic  anhydride,  so  the 
contraction  due  to  the  carbonic  oxide  will  be  half  its  volume,  or  Jy. 
Lastly,  1  volume  of  marsh  gas  combining  with  2  volumes  of  oxygen 
generates  1  volume  of  carbonic  anhydride,  so  the  contraction  in  this 
case  will  be  twice  its  volume,  or  2z,     Thus  we  have — 

C  =  1^3?+ Jy  +  2z. 

Since  carbonic  oxide  on  combustion  forms  its  own  volume  of 
carbonic  anhydride,  the  amount  produced  by  the  quantity  present  in 
the  mixture  will  be  y.  Marsh  gas  also  generates  its  own  volume  of 
carbonic  anhydride,  so  the  quantity  corresponding  to  the  marsh  gas  in 
the  mixture  will  be  z.     Therefore 

D  =  y  +  z, 

m 

It  now  remains  to  calculate  the  values  of  z,  y,  and  z  from  the 
experimental  numbers  A,  C,  and  D,  which  is  done  by  the  help  of  the 
following  equations : — 

A=x  +  y  +  z,       C  =  l^x  +  y  +  2z,       D  =  y  +  2. 

To  find  a?— 

x  +  y  +  z=^  A, 

X  =A-D. 

For  y  we  have —  -  4y  +  4z  =  41) , 

3a: -f   y-h4z  =  2C , 

~3^+3y         =4D-2C, 
3x =3A-3D, 

3y         =3A-2C  +  D,or 


The  value  of  z  is  thus  found — 


a 

3/  = 

3A-2C  +  D 
3 

id- 

D 

=Ly  +  z  .-. 

z  = 

=  D 

-y  = 

D 

3  A 

-2C  +  D 
3         ,    or 

z  = 

2C- 

3A  +  2D. 

3 

By  replacing  the  letters  A,  C,  and  D  by  the  numbers  obtained  by 
experiment,  the  quantities  of  the  three  constituents  in  the  volume  A 
may  easily  be  calculated  by  the  three  formulae — 

JB  =  A  -  D  =  hydrogen  , 

3A-2C  +  D  ,      .        ., 

y  =  — — --— ^ —  =  carbonic  oxide , 

o 

2C  -  3A  +  2D  _  „,    .  _„ 
z  = 5 =  marsh  gas , 
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The  percentage  composition  is,  of  course,  obtained  by  the  flhnple 
proportions — 

A  :  X  :  :  100  :  per-cent  of  hydrogen , 

A  :  y  :  :  100  :  per-cent.  of  carbonic  oxide , 

A  :  z  :  :  100  :  per-cent  of  marsh  gas . 

If  the  gas  had  contained  nitrogen,  it  would  have  been  determined 
by  exploding  the  residual  gas,  after  the  removal  of  the  carbonic 
anhydride,  with  excess  of  hydrogen.  The  contraction  observed, 
divided  by  3,  would  give  the  volume  of  oxygen  in  the  residue,  and 
this  deducted  from  the  residue,  would  give  the  amount  of  nitrogen. 
If  A  again  represents  the  original  gas,  and  n  the  amount  of  nitrogen 
it  contains,  the  expression  A- it  would  have  to  be  substituted  for  A  in 
the  above  equations. 

It  may  be  as  well  to  develop  the  formula  for  obtaining  the  same 
results  by  observing  the  volume  of  oxygen  consumed  instead  of  the 
contraction.     If  B  represents  the  quantity  of  oxygen,  we  shall  have 

the  values  of  A  and  D  remaining  as  before,  x  =  A.-  D. 
z  is  thus  found — 

aj  +  2/-f4z=2B, 
x  +  y-h  g  =  A, 

32  =  2B-A,     or 

2B-A 

2  =  — = — 


For  ?/- 


Thus  we  have — 


n     2B-A 

D ^,     or 

3D-2B  +  A 

y= 5 


a;  =  A-D 

3D-2B-t-A 

y=  — 


z  = 


3 
2B-A 


Having  thus  shown  the  mode  of  calculation  of  the  formulse,  it  will 
be  well  to  give  some  examples  of  the  formulce  employed  in  some  of 
the  cases  which  most  frequently  present  themselves  in  gas  analysis. 
In  all  cases — 

A  =  original  mixture , 

C  =  contraction , 

D  =  carbonic  anhydride  produced. 
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1.       Hydrogen  and  Nitrogen. 
H=a:;  N  =  y. 

• 

Excess   of    oxygen   is  added,   ^nd   the  contraction   on   explosion 
observed: — 

3A-2C 
y  =  — ^ ,  or  A -a;. 

2.       Carbonic  Oxide  and  Nitrogen. 
CO  =  a;;  N  =  y. 

The  gas  is  exploded  with  excess  of  oxygen,  and  the  amount  of 
carbonic  anhydride  produced  is  estimated ; 

a;  =  D, 
y  =  A-D, 

3.       Hydrogen,  Carbonic  Oxide,  and  Nitrogen. 

H  =  a:;  CO  =  y;  N  =  e. 

In  this  case  the  contraction  and  the  quantity  of  carbonic  anhydride 
4ire  measured : — 

2C  - 1) 

__  3A-2C-2I) 

4.      Hydrogen,  Marsh  Oas,  and  Nitrogen. 
H=/';  CU^  =  y;  N  =  2. 

__2C-41) 
•t  —       ^       , 

_3A-2C+J) 

2—  3 

5.       Carbonic  Oxide,  Marsh  Gas,  and  Nitrogen. 

CO=zj:;  Cn^  =  y;  N=2. 
4D  -  2C 

-  2C-D 

=  A-D. 
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6.  Hydrogen,  Methyl  (or  Ethylic  Hydride),  and 

Nitrpgen. 

Ti  =  x;  CgHgrsy;  N  =  «. 

4C-5D 

D 
_3A-2C  +  D 

7.  Carbonic  Oxide,  Methyl  (or  Ethylic  Hydride), 

and  Nitrogen. 

CO=a;;  C^Ti^=y;  N  =  z.  . 

.     5D  -  4C 
X  —       3        * 

2C-D 

y=— 3— , 

3A-4D-f2C 
2—  3 

8.       Hydrogen,  Carbonic   Oxide,  and  Marsh  Gas. 

H  =  a;;  C0=2/;  CH^  =  2. 

a;  =  A-D, 

3A-2C  +  D 

y= — 3 — • 

_2C-3A  +  2D 
^■"  3 

9.       Hydrogen,  Carbonic  Oxide,  and   Ethylic  Hydride^ 

(or  Methyl). 

U  =  x;  CO  =  y;  C^Iif^  =  z. 

_3A  +  2C-4]D 
^—  e  , 

3A-2C  +  D 

y  = 3 , 

2C-3A  +  2D 

10.       Carbonic  Oxide,  Marsh  Gas,  and  Ethylic  Hydrid 

(or  Methyl). 

CO  =  a;;  CR^  =  y;  C^K^  —  z. 

3A-2C-fD 
X  —  2  , 

3A  +  2C-4D 
3/  = 3 , 

2  =  D-A. 
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11.       Hydrogen,  Marsh  Gas,  and   Acetylene. 
H  =  x;  CH,  =  y;  C^K^zzzz. 
6A-2C-1) 

y  =  2C  -  3A  , 

r)-2C  +  3A 
e—  2 

12.       Hydrogen,  Marsh  Gas,  and  Ethylic  Hydride 

(or  Methyl). 

H  =  .ir;  CU^  —  y;  C^lif^=:z, 

This  mixture  cannot  be  analyzed  by  indirect  determination,  since 
a  mixture  of  two  volumes  of  hydrogen  with  two  volumes  of  ethylic 
hydride  (or  methyl)  has  the  same  composition  as  four  volumes  of 
marsh  gas — 

Cq^Q  +  Hj  =  2CH^  ; 

and,  consequently,  would  give  rise  to  the  same  products  on  combustion 
with  oxygen  as  pure  marsh  gas — 

C.X  +  Hj  +  0«  =  2CO2  +  4()H2  ; 
2CH^  +  08  =  2C02+40H2. 

In  this  case  it  is  necessary  to  estimate  by  direct  determination  the 
ethylic  hydride  (or  methyl)  in  a  separate  portion  of  the  gas  by 
absorption  with  alcohol,  another  quantity  of  the  mixture  being 
exploded  with  oxygen,  and  the  amount  of  carbonic  anhydride  pro- 
duced measured.     If  the  quantity  absorbed  by  alcohol  =  E,  then 

a:  =  A-D  +  E, 
y  =  l)-2E, 

2  =  E. 

13.      Hydrogeji,  Carbonic  Oxide,  Propylic  Hydride. 

H  =  a:;  CO  =  y;  CgH^zre. 

_  3A-h4C-5I) 
•*'  —  9  ' 

3A-2C  +  D 
y  — ^3 , 

2C-3A  +  21) 
9 

14.      Carbonic  Oxide,  Marsh  Gas,  and  Propylic  Hydride. 

CO  =  a;;  CH^sy;  C3H3  =  z. 

_  3A-2C-H I) 
X  —  3  ' 

3A  +  4C-51) 
D-A 
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15.      Carbonic  Oxide,  Ethylic  Hydride  (or  Methyl),  and 

Propylic  Hydride. 

_3A-2C  +  D 

3A  +  4C  -  5D 
9= 3— 


I 

4D-3A-2C 


16.      Marsh  Gas,  Ethylic  Hydride  (or  Methyl),  and 

Propylic  Hydride. 

CH,  =  a;;  C2He  =  y;  C.U.^z. 

As  a  mixture  of  two  volumes  of  marsh  gas  and  two  of  propylic 
hydride  has  the  same  composition  as  four  of  ethylic  hydride  (or 
methyl) — 

CH^  +  CgHg  =  2C2HQ, 

the  volume  absorbed  by  alcohol,  and  which  consists  of  ethylic  hydride 
(or  methyl)  and  propylic  hydride,  must  be  determined,  and  another 
portion  of  the  gas  exploded,  and  the  contraction  measured.  If  E 
represents  the  volume  absorbed — 

x  =  A--E, 
y=4A-2C  +  2E, 
z  =  2C  +  4A-E. 

17.      Hydrogen,  Carbonic  Oxide,  and  Ethyl  (or  Butylic 

Hydride). 

U  =  x;  CO=y;  C,R,,=z. 

A  +  2C-2D 
^= 4- , 

3A-2C  +  1) 
y= 3- , 

_  2C  +  2D  -  3A 
'^-  12  ' 

18.      Nitrogen,  Hydrogen,  Carbonic  Oxide,  Ethylic 
Hydride  (or  Methyl),  and  Butylic  Hydride  (or  Ethyl). 

N  =  w;  li  =  w;  CO  =  a;;  CgHgnry;  CJi^f^=^z, 

In  one  portion  of  the  gas  the  ethylic  hydride  (or  methyl)  and 
the  butylic  hydride  (or  etliyl)  are  absorbed  by  alcohol ;  the  amount 
absorbed  =  E. 

A  second  portion  of  the  original  gas  is  mixed  with  oxygen  and 
exploded,  the  amount  of  contraction  and  of  carbonic  anhydride  being 
measured. 
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Tlie  residue  now  contains  the  nitrogen  and  the  excess  of  oxygen ; 
to  this  an  excess  of  hydrogen  is  added,  the  mixture  exploded,  and 
the  contraction  measured.  From  this  the  quantity  of  nitrogen  is 
tlius  obtained.     Let — 

G  :=  excess  of  oxygen  and  nitrogen, 

V  =  excess  of  oxygen, 

n  =  nitrogen, 
C'  =  contraction  on  explosion  with  hydrogen. 

.    Then— 


G 

Z^ 

v  +  n, 

C 

So, 

3v 

V 

C 
"3  ' 

n 

=  G- 

G- 
3G- 

C 

3  "" 
C 

3       • 

From  these  data  the  composition  of  the  mixture  can  be  determined — 

2C-1)-3E 
w  = ^- 

3A-2C  +  l)-3w 

3A-2C-21)+12E-3n 
3/  =  -  6  -. 

_  2C  -  3  A  4-  21)-6E  +  3« 

'-        "6  ■"      • 

MODIFICATIONS   AND    IMFBOVEMENTS    UPON 
THE   FOREGOING   FBOCESSES. 

§  107.  In  the  method  of  gas  analysis  that  we  have  been  consider- 
ing, the  calculations  of  results  are  somewhat  lengthy,  as  will  be  seen 
by  a  reference  to  the  example  given  of  the  analysis  of  a  mixture  of 
air  and  carbonic  anhydride  (page  540).  Besides  this,  the  operations 
must  l)e  conducted  in  a  room  of  uniform  temperature,  and  considerable 
time  allowed  to  elapse  between  the  manipulation  and  the  readings  in 
order  to  allow  the  eudiometers  to  acquire  the  temi)erature  of  the 
surrounding  air ;  and,  lastly,  the  aljsorption  of  ga.<*e8  by  solid  reagents 
is  slow.  These  disadvantages  are  to  a  great  extent  counterl)alanced 
by  the  simplicity  of  the  apfiamtus,  and  of  the  manipulation. 

From  time  to  time  various  chemists  have  proposed  methods  by 
which  the  operations  are  much  hastened  and  facilitated,  and  the 
calculations  shortened.  It  will  be  necessary  to  mention  a  few  of 
these  processes,  which,  however,  require  special  forms  of  apparatus. 

Williamson  and  Kussell  have  described  {Proceedingt^  of  the 
Royal  Society  J  ix.  218)  an  apparatus,  ]»y  means  of  which  the  gases  in 

N    N 
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the  eudiometers  are  measured  under  a  constant  pressure,  the  correction 
for  temperature  being  eliminated  by  varying  the  column  of  mercury 
in  the  tube  so  as  to  compensate  for  the  alteration  of  volume  observed 
in  a  tube  containing  a  standard  volume  of  moist  air.  In  this  case 
solid  reagents  were  employed  in  the  eudiometers. 

In  1864  they  published  {J,  C.  S,  xvii.  238)  a  further  development 
of  this  method,  in  which  the  absorptions  were  conducted  in  a  separate 
laboratory  vessel,  by  which  means  the  reagents  could  be  employed  in 
a  pasty  condition  and  extended  over  a  large  surface. 

And  in  1868  Russell  improved  the  apparatus,  so  that  liquid 
reagents  could  be  useil  in  the  eudiometers,  and  the  analysis  rapidly 
executed.  A  description  of  this  last  form  of  instrument  may  be  found 
in  J.  a  S.  xxi.  128. 

The  gutta-perclia  mercury  trough  employed  is  provided  with  a  deep 
well,  into  which  the  eudiometer  can  be  depressed  to  any  required 
extent,  and  on  the  surface  of  the  mercury  a  wid&  glass  cylinder,  open 
at  both  ends  and  Ulled  with  water,  is  placed.  The  eudiometer  con- 
taining the  gas  to  be  examined  is  suspended  within  the  cylinder 
of  water  by  means  of  a  steel  rod  passing  through  a  socket  attached  to 
a  stout  stiandard  firmly  fixed  to  the  table.  In  a  similar  manner, 
a  tube  containing  moist  air  is  placed  by  the  side  of  the  eudiometer. 
The  clamp  supporting  this  latter  tube  is  provided  with  two  horizontal 
plates  of  steel,  at  which  the  column  of  the  mercury  is  read  off.  When 
a  volume  of  gas  has  to  be  measured,  the  pressure  tube  containing  the 
moist  air  is  raised  or  lowered,  by  means  of  an  ingeniously  contrived 
fine  adjustment,  until  the  mercury  stands  very  nearly  at  the  level  of 
one  of  the  horizontal  steel  j)Iates.  The  eudiometer  is  next  raised  or 
lowered  until  the  column  of  mercury  within  it  is  at  the  same  level. 
The  final  adjustment  to  bring  the  top  of  the  meniscus  exactly  to  the 
lower  edge  of  the  steel  bar  is  effected  by  sliding  a  closed  wide  glass 
tube  into  the  mercury  trough.  Thus  we  have  two  volumes  of  gas 
under  the  same  pressure  and  temperature,  and  both  saturated  with 
moisture.  If  the  temperature  of  the  water  in  the  cylinder  increased, 
there  would  he  a  depression  of  the  columns  in  ])oth  tubes;  but  by 
lowering  tlie  tubes,  and  thus  increasing  the  pressure  until  the  volume 
of  air  in  the  pressure  tube  Avas  the  same  as  before,  it  would  be  found 
that  the  gas  in  the  eudiometer  was  restored  to  the  original  volume. 
Again,  if  the  barometric  pressure  increased,  the  volumes  of  the  gases 
would  be  diminished  ;  but,  by  rai-^ing  the  tubes  to  the  necessary 
extent,  the  previous  volumes  would  ])e  obtained.  Therefore,  in  an 
analysis,  it  is  only  necessary  to  measure  the  gas  at  a  pressure  equal  to 
that  which  is  required  to  maintain  the  volume  of  moist  air  in  the 
j)ressure  tube  constant.  The  reagents  are  introduced  into  the  eudio- 
meter in  the  liquid  state  by  means  of  a  small  syringe  made  of  a  piece 
of  glass  tube  al)out  one-eighth  of  an  incli  in  diameter.  For  this 
purpose  the  (nidionieter  is  raised  until  its  open  end  is  just  below  the 
surface  of  the  mercury,  and  the  syringe,  which  is  curved  upwards  at 
the  point,  is  depressed  in  the  trough,  passed  below  the  edge  of  the 
water  cylinder,  and  the  extremity  of  the  syringe  introduced  into  the 
oiidiometer.     When   a   sufficient   quantity   of   the   liquid   has   been 
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injected,  the  eudiometer  is  lowered  and  again  raised,  so  as  to  moisten 
the  sides  of  the  tube  with  the  liquid,  and  thus  liasten  the  absorption. 
Ten  minutes  was  found  to  l>e  a  sufficient  time  for  the  alworption  of 
carbonic  anhydride  when  mixed  with  air. 

To  remove  the  liquid  reagent,  a  ball  of  moistened  cotton  wool  is 
employed.  The  ball  is  made  in  the  following  manner : — A  piece  of 
steel  wire  is  bent  into  a  loop  at  one  end,  and  some  cotton  wool  tightly 
wrapped  around  it.  It  is  then  dipped  in  water  and  squeezed  with  the 
hand  under  the  liquid  until  the  air  is  removed.  The  end  of  the  steel 
wire  is  next  passed  through  a  piece  of  glass  tube,  curved  near  one  end 
and  the  cotton  ball  drawn  against  the  curved  extremity  of  the  tube* 
The  })all,  saturated  with  water,  is  now  depressed  in  the  mercury 
trough,  and,  after  as  much  of  the  water  as  possible  has  been  squeezed 
out  of  it,  it  is  passed  below  the  eudiometer,  and,  by  pushing  the  wire, 
the  ball  is  })rought  to  the  surface  of  the  mercury  in  the  eudiometer 
and  rapidly  absorbs  all  the  liquid  reagent,  leaving  the  meniscus  clean. 
The  l>all  is  removed  with  a  slight  jerk,  and  gas  is  thus  prevented  from 
adliering  to  it.  It  is  found  that  this  mode  of  removing  the  liquid  can  be 
us<mI  without  ftiar  of  altering  the  volume  of  the  gas  in  the  eudiometer. 
*  Carbonic  anhydride  may  be  absorl>ed  by  a  solution  of  potassium 
hydrate,  and  oxygen  by  means  of  potassium  hydrate  and  pyrogallic 
acid.  The  determination  of  ethylene  is  best  effected  by  means  of 
fuming  sulphuric  acid  on  a  coke  ball,  water  and  dilute  potassium 
hydrate  being  subsequently  introduced  and  removed  by  the  ball  of 
cotton  wool. 

Doubtless  this  mode  of  using  the  liquid  reagents  might  be  employed 
with  advantage  in  the  ordinary  process  of  analysis  to  diminish  the 
time  necessary  for  the  absorption  of  the  gases.  By  this  process  of 
Russell's  the  calculations  are  much  shortened  and  facilitated,  the 
volumes  read  off  being  conii)arable  among  themselves ;  this  will  be 
seen  by  an  exami)le,  Uikcii  from  the  original  memoir,  of  the 
determination  of  oxygen  in  air — 

Volume  in  Table 

corresponding 

to  rea'ling. 

Volume  of  air  Uiken      .         .         .  130-3         132-15 

Volume  after  ab3orj)tion  of  oxygen  i 

by  potassium  hydrate  and  i)yro-  l  103-5         104-46 

gallic  acid .         ,         .         .         .  j 
132-15 
104-46 

27-69  volumes  of  oxygen  in  132-15  of  air 
132-15  :  27-69  :  :  100  :  20-953  percentage  of  oxygen  in  air. 

Russell  has  also  employed  his  apparatus  for  the  analysis  of 
carbonates  (/.  C,  S.  [n.s.]  vi.  310).  For  this  purpose  he  adapted 
a  graduated  tube,  open  at  both  ends,  to  a  glass  flask  by  means  of 
a  thick  piece  of  rubber  tube.  Into  the  flask  a  weighed  quantity 
of  a  carbonate  was  placed,  together  with  a  vessel  containing  dilute 
acid.  The  position  of  the  mercury  in  the  graduated  tube  was  first  read 
ott*,  after  which  the  flask  was  shaken  so  as  to  bring  the  acid  and 

N    N    2 
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carbonate  in  contact;  and  the  increase  in  volume  was  due  to  the 
carbonic  anhydride  evolved.  The  results  thus  obtained  are  extremely 
Qoncordant. 

In  eight  experiments  with  sodium  carbonate  the  percentage  of  carbonic 
anhydride  found  varied  from41'484  to  41 '607,  theory  requiring  41  "509. 

lliirteeii  exjierimenta  with  calc-spar  gave  from  43*520  to  43*858, 
the  theoretical  percentage  being  44*0 ;  and  in  nine  other  analyses  from 
43-581  to  43-901  were  obtained. 

Two  experiments  were  made  with  manganic  peroxide,  oxalic  acid, 
and  sulphuric  acid,  and  gave  58'156  and  68*101  per  cent  of 
carbonic  anhydride. 

Some  determinations  of  the  purity  of  magnesium  were  also  per- 
formed by  dissolving  the  metal  in  hydrochloric  acid  and  measuring 
the  resulting  hydrc^en.  Four  operations  gave  numbers  varying 
between  8*256  and  8*282.     The  metal  should  yield  8-333.        ■     t" 

Bussell  lias  also  employed  this  process  for  the  determination  of  ths 
combining  proportions  of  nickel  and  cobalt  {J.  C.  S.  [k.s.]  vii.  294). 

Kegna.ult  and  Keiset 
described  i^Ann.  Chivi.  Phije. 
[3]  xxvi.  333)  an  apparatus 
by  which  absorptions  could 
be  rapidly  conducted  by 
means  of  liquid  reagents 
brought  in  contact  with  the 
gases  in  a  laboratory  tube. 
The  measurements  are  made 
in  a  graduated  tube,  whicli 
can  be  placed  in  communica- 
tion with  the  laboratory  tube 
by  means  of  fine  capillary 
tubes  provided  *vith  stop-cocks, 
the  lower  end  of  the  measuring 
tube  being  connected  by  an 
iron  socket  and  stop-cock  with 
another  graduated  tube  in 
which  the  pressure  to  wliich 
the  gas  is  subjected  is  measured. 
The  measuring  and  pressure 
tubes  are  surrounded  by  a 
cylinder  of  water.  An  ap- 
paratus similar  in  principle 
to  tliis  lias  recently  been  con- 
structed by  Ftankland,  and 
is  fully  described  in  the  scctiuik 
on  Water  iVnalysis  (g  97,  page 
434).  I 

Frankland     and     Ward,  >  ,      oc 

(J.  C.S.  vi.  197)madoseveral 

im|)ortaiit  improvements  in  the  apparatus  of  Regnault  and  Reiset. 
They  introduced  a    tliird    tube    (fig.  100),  closed   at   the   top   with 
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a  stopper,  and  which  is  made  to  act  as  a  barometer,  to  indicate  the 
tension  of  the  gas  in  the  measuring  tube,  thus  rendering  the  operation 
entirely  independent  of  variations  of  atmospheric  pressure.  The 
correction  for  aqueous  vapour  is  also  eliminated,  by  introducing 
a  drop  of  water  into  the  barometer  as  well  as  into  the  measuring 
tube,  the  pressures  produced  by  the  aqueous  vapour  in  the  two  tubes 
thus  counterlmlancing  one  another,  so  that  the  difference  of  level 
of  the  mercury  gives  at  once  the  tension  of  the  dry  gas.  The 
measuring  tube  is  divided  into  ten  equal  divisions  (which,  for  some 
purposes,  require  to  l)e  calibrated),  and  in  one  analysis  it  is  convenient 
to  make  all  the  measurements  at  the  same  division,  or  to  calculate  the 
tension  which  would  be  exerted  by  the  gas  if  measured  at  the  tenth 
division.  Frankland  and  Ward  also  adapted  an  iron  tube  more 
than  760  m.m.  long  at  the  bottom  of  the  apparatus,  which  enables  the 
operator  to  expand  the  gas  to  any  required  extent,  and  thus  diminish 
the  violence  of  the  explosions  which  are  performed  in  the  measuring 
tube.  During  the  operation  a  constant  stream  of  water  b  kept  flowing 
through  the  cylinder,  which  maintains  an  uniform  temperature. 

By  the  use  of  this  form  of  apparatus  the  calculations  of  analyses  are 
much  simplified.  An  example  of  an  analysis  of  atmospheric  air  will 
indicate  the  method  of  using  the  instrument. 

Volume   of    Air    used.       Determined    at    5th    Division    on 

the   Measuring    Tube. 

m.in. 

Observed  height  of  mercury  in  barometer        .         .     673 '0 
Height  of  5th  division 383*0 

Tension  of  gas       .     290*0 

0-5 

Corrected  tension  of  gas  at  10th  division         .         .     145*00 

Volume    after    Admission    of    Hydrogen.       Determined  at 

6th  Division. 

m.m. 

Observed  height  of  mercury  in  barometer        .         .     772*3 

Height  of  6th  division 304*0 

Tension  of  gas       .     468*3 

0*6 


Corrected  tension  at  10th  division  ....  280*98 
Volume    after    explosion.       Determined   at    5th    Division. 


m.m. 


Observed  height  of  mercury  in  barometer        .         .     763*3 
Height  of  5th  division 383*0 

Tension  of  gas       .     380*3 

0*5 


Corrected  tension  at  10th  division  ....  190*15 

Tension  of  air  with  hydrogen          ....  280*98 

Tension  of  gas  after  explosion        ....  190*15 

Contraction  on  explosion          .         •         •         .  90*83 

of  which  one-third  is  oxygen. 
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90*83 

— -—=  30*276  =  volumes  of  oxygen   in    145*0  volumes  of   air 

1450     :     30-276     :  :     100     :     a; 

30-276  X  100     oA  QQ  ^         f  •      • 

x= T—Tpi =  20*88  =  percentage  of  oxygen  m  air. 

If  all  the  measurements  had  been  made  at  the  same  division,  no 
correction  to  the  tenth  division  would  have  been  necessary,  as  the 
numbers  would  have  been  comparable  among  themselves. 

Another  modification  of  Frank  land  and  Ward's,  or  Regnault's 
apparatus  has  been  designed  by  McLeod  (/.  C.  S,  [n.s.]  vii.  313),  in 
wliich  the  original  pressure  tube  of  Regnault's  apparatus,  or  the 
filling  tube  of  Frank  land  and  Ward,  is  dispensed  with,  the  mercury 
being  admitted  to  the  apparatus  through  the  stop-cocks  at  the  bottom. 

The  measuring  tube  A  (fig.  101)  is  900  m.m.  in  length,  and  about 
20  m.m.  in  internal  diameter.  It  is  marked  with  ten  divisions,  the 
first  at  25  m.m.  from  the  top,  the  second  at  50,  the  third  at  100,  and 
the  remaining  ones  at  intervals  of  100  m.m.  In  the  upper  part  of  the 
tube,  platinum  wires  are  sealed,  and  it  is  terminated  by  a  capillary 
tube  and  a  fine  glass  stop-cock,  a,  the  capillary  tube  being  bent  at 
right-angles  at  50  m.m.  above  the  junction.  At  the  bottom  of  the 
tube,  a  wide  glass  stop-cock  b  is  sealed,  which  communicates,  by 
means  of  a  caoutchouc  joint  surrounded  with  tape  and  well  wired  to 
the  tubes,  Avibh  a  bmnch  from  the  barometer  tube  B.  This  latter  tube 
is  5  m.m.  in  width,  and  about  1200  m.m.  long,  and  is  graduated  in 
millimeters  from  bottom  to  top.  At  the  upper  extremity  a  glass 
stop-cock  d  is  joined,  the  loAver  end  being  curved  and  connected  by 
caoutchouc  witli  a  st(»{*-cock  and  tube  C,  descending  through  the  table 
to  a  distance  of  900  m.m.  below  the  joint.  It  is  advisable  to  place 
washers  of  leather  at  the  end  of  the  plugs  of  the  stop-cocks  c  and  h, 
as  the  pressure  of  the  mercury  which  is  afterwards  to  be  introduced 
has  a  tendency  to  force  them  out ;  if  this  should  happen,  the  washers 
prevent  any  great  escape  of  mercury. 

The  two  tubes  are  firmly  held  ])y  a  clamp  D,  on  which  rests  a  wide 
cylinder  E,  about  55  m.m.  in  diameter,  surrounding  the  tubes,  and 
adapted  to  them  by  a  water-tight  caoutchouc  cork  F.  The  cylinder  is 
maintainetl  in  an  upright  position  by  a  support  at  its  upper  end  G, 
sliding  on  the  same  rod  as  the  clamp.  Aroimd  the  upper  part  of  the 
barometer  tube  a  syphon  H  is  fixed  by  means  of  a  perforated  cork, 
through  wliich  the  stop-cock  d  passes.  A  small  bulb-tube  e,  containing 
some  mercury,  is  also  fitted  in  this  cork,  so  as  to  allow  of  the  air  being 
entirely  removed  from  the  syphon.  The  syphon  descends  about 
100  m.m.  within  the  cylinder,  and  has  a  branch  at  the  top  communi- 
cating by  caoutchouc  with  a  bent  tube  contained  in  a  wider  one  J 
affixed  to  the  support.  A  constant  current  of  water  is  supplied  to  the 
cylinder  through  a  glass  tube,  which  passes  to  the  bottom,  and  escapes 
through  the  syphon  and  tubes  to  the  drain. 

To  the  end  of  the  narrow  tube  C  is  fastened  a  long  piece  of 
caoutchouc  tube  K,  covered  with  tape,  by  which  a  communication  is 
established  with  the  mercurial  reservoir  L,  suspended  by  a  cord  so 
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that  by  means  of  the  winch  M,  it  may  be  raised  above  the  level  of  the 
top  of  the  barometer  tube.  As  the  mercury  frequently  forces  its  way 
tlirough  the  pores  of  the  caoutchouc  tube,  it  is  advisable  to  surround 
the  lower  part  with  a  piece  of  wide  flexible  tube ;  this  prevents  the 
scattering  of  the  mercury,  which  collects  in  a  tray  placed  on  the  floor. 
Into  the  bottom  of  the  tray  a  screw  must  be  put,  to  which  the  end  of 
the  glass  tube  is  firmly  attached  by  wire.  The  capillary  stop-cock  a  is 
provided  with  a  steel  cap,  by  means  of  which  it  may  be  adapted  to  a 
short  and  wide  laboratory  tube  capable  of  holding  about  150  c.c,  and 
identical  in  form  with  the  one  described  in  the  section  pn  Water 
Analysis  (§  97).  The  mercurial  trough  for  the  laboratory  tube  is 
provided  with  a  stand  with  rings,  for  the  purpose  of  holding  two 
tubes  containing  gases  that  may  be  required. 

The  apparatus  is  used  in  the  same  way  as  Frankland  and  Ward's, 
except  that  the  mercury  is  raised  and  lowered  in  the  tubes  by  the 
movement  in  the  reservoir  L,  instead  of  by  pouring  it  into  the  centre 
supply-tube. 

To  arrange  the  apparatus  for  use,  the  reservoir  L  is  lowered  to  the 
ground,  and  mercury  poured  into  it.  The  laboratory  tube  being 
removed,  the  stop-cocks  are  all  opened,  and  the  reservoir  gradually 
raised.  When  the  tube  A  is  filled,  the  stop-cock  a  is  closed,  and  the 
reservoir  elevated  until  mercury  flows  through  the  stop-cock  d  at  the 
top  of  the  barometer.  It  is  convenient  to  have  the  end  of  the  tube 
above  the  stop-cock  so  bent  that  a  vessel  can  be  placed  below  to 
receive  the  mercury.  This  bend  must,  of  course,  be  so  short  that, 
when  the  plug  of  the  stop-cock  is  removed,  the  syphon  will  pass 
readily  over.  When  the  air  is  expelled  from  the  barometer  tube,  the 
stojMJOck  is  closed.  A  few  drops  of  water  must  next  be  introduced 
into  the  barometer ;  this  is  accomplished  by  lowering  the  reservoir  to 
a  short  distance  below  the  top  of  the  barometer,  and  gently  opening 
the  stop-cock  d,  while  a  small  pipette,  from  which  water  is  dropping, 
is  held  against  the  orifice,  the  stop-cock  being  closed  when  a  sufficient 
amount  of  water  has  penetrated  into  the  tube.  In  the  same  manner, 
a  small  quantity  of  water  is  passed  into  the  measuring  tube.  In  order 
to  get  rid  of  any  bubbles  of  air  which  may  still  linger  in  the  tubes, 
the  reservoir  is  lowered  to  the  ground  so  as  to  produce  a  vacuum  in 
the  apparatus ;  in  this  manner  the  interior  surfaces  of  the  tubes 
become  moistened.  The  reservoir  is  now  gently  raised,  thus  refilling 
the  tubes  with  mercury.  Great  care  must  be  taken  that  the  mercury 
does  not  rush  suddenly  against  the  tops  of  the  measuring  and 
barometer  tubes,  which  might  cause  their  destruction.  This  may  be 
avoided  by  regulating  the  flow  of  mercury  by  means  of  the  stop-cock 
c,  which  may  be  conveniently  turned  by  a  long  key  of  wood,  resting 
against  the  upper  table  of  the  sliding  stand  of  the  mercurial  trough. 
Wlien  the  reservoir  has  again  been  elevated  above  the  top  of  the 
barometer,  the  stopcocks  of  the  measuring  and  barometer  tubes  are 
opened,  and  the  air  and  water  which  have  collected  allowed  to 
escape. 

The  heights  of  tlie  mercurial  columns  in  the  barometer,  correspond- 
ing to  the  different  divisions  of  the  measuring  tube,  have  now  to  be 


§107. 


ANALYSIS  OF  GASES. 


553 


determined.  Tliis  is  done  by  running  out  all  the  mercury  from  the 
tubes,  and  slowly  readmitting  it  until  the  meniscus  of  the  mercury 
just  touches  the  lowest  division  in  the  measuring  tube.  This  may  be 
very  conveniently  managed  by  observing  the  division  through  a  small 
telescope  of  short  focus,  and  sufficiently  close  to  the  apparatus  to 
j)ermit  of  the  key  of  the  stop-cock  c  being  turned,  while  the  eye  is 
still  at  the  telescope.  When  a  reading  is  taken,  the  black  screen  O 
behind  the  apparatus  must  be  moved  by  means  of  the  winch  P,  until 
its  lower  edge  is  about  a  millimeter  above  the  division.  The  telescope 
is  now  directed  to  the  barometer  tube,  and  the  position  of  the  mercury 
carefully  noted.  As  the  tubes  only  contain  aqueous  vapour,  and  are 
both  of  the  same  tem{)erature,  the  columns  in  the  two  tubes  are  those 
which  exactly  counterbalance  one  another,  and  any  difference  of  level 
that  may  be  noticed  is  due  to  capillarity. 

The  same  operation  is  now  repeated  at  each  division  of  the  tube. 
The  measuring  tube  next  requires  calibration,  an  operation  performed 
in  a  manner  perfectly  similar  to  that  described  in  §  97  (page  437), 
namely,  by  filling  the  measuring  tube  with  water,  and  weighing  the 
quantities  contained  between  every  two  divisions.  The  eudiometer 
being  fdled  with  water,  and  the  stop-cock  h  closed,  the  reservoir  is 
raised  and  the  mercury  allowed  to  rise  to  the  top  of  the  barometer. 
The  capillary  stop-cock  a  having  been  opened,  the  cock  h  is  gently 
turned,  and  the  water  allowed  to  flow  out  until  the  mercury  reaches  the 
lowest  division  of  the  tube.  A  carefully  weighed  flask  is  now 
supported  just  below  the  steel  cap,  the  stop-cock  h  again  opened,  until 
the  next  division  is  reached,  and  the  quantity  of  water  is  weighed,  the 
temperature  of  the  water  in  the  wile  cylinder  being  observed.  The 
same  operation  is  repeated  at  each  division,  and  by  calculation  the 
exact  contents  of  the  tube  in  cubic  centimeters  may  be  found. 

In  this  manner,  a  table,  such  as  the  following,  is  obtained  : — 


Diricion 
on 

tube. 

Height  of  Mextmry  in 

BarcMneter  tube 

corregponding  to 

diriiion. 

Contents. 

Cubic  Centimeten. 

Log. 

1 

756-9 

8-6892 

0-9389814 

2 

706-7 

18-1621 

1-2591664 

3 

606-8 

36-9307 

1-5673880 

4 

506-5 

55-7344 

1-7461232 

5 

406-8 

74-4299 

1-8717477 

6 

306-8 

93-3306 

1-9700244 

.7 

206-9 

112-4165 

2-0508303 

8 

107-0 

131-6335 

2-1193666 

9 

7-1 

151-1623 

2-1794435 

When  a  gas  is  to  be  analyzed,  the  laboratory  tube  is  filled  with 
mercury,  either  by  sucking  the  air  out  through  the  capillary  stop- 
cock, while  the  open  end  of  the  tube  stands  in  the  trough,  or  much 
more  conveniently,  by  exhausting  the  air  through  a  piece  of  flexible 
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tube  passed  under  the  mercury  to  the  top  of  the  laboratory  tube,  the 
small  quantity  of  air  remaining  in  the  stop-cock  and  at  the  top  of  the 
wide  tube  being  afterwards  very  readily  withdrawn.  The  face  of  one 
of  the  steel  pieces  is  greased  with  a  small  quantity  of  resin  cerate,  and, 
the  measuring  apparatus  being  full  of  mercury,  the  clamp  is  adjusted. 

Before  the  introduction  of  the  gas,  it  is  advisable  to  ascertain  if 
the  capillary  tubes  are  clear,  as  a  stoppage  may  arise  from  the 
admission  of  a  small  quantity  of  grease  into  one  of  them.  For  this 
purpose  the  globe  L  is  raised  above  the  level  of  the  top  of  the 
measuring  tube,  and  the  capillary  stop-cocks  opened ;  if  a  free 
passage  exists,  the  mercury  will  be  seen  to  flow  through  the  tubes. 
The  stop-cock  of  the  laboratory  tube  is  now  closed.  When  all  is 
properly  arranged,  the  gas  is  transferred  into  the  laboratory  tube,  and 
the  stop-cock  opened,  admitting  a  stream  of  mercury.  The  cock  c  is 
gently  turned,  so  as  just  to  arrest  the  flow  of  mercury  tlirough  the 
apparatus,  and  the  reservoir  lowered  to  about  the  level  of  the  table, 
which  is  usually  sufficient.  By  carefully  opening  the  cock  c,  the  gas 
is  drawn  over  into  the  measuring  tube,  and  when  the  mercury  has 
reached  a  point  in  the  capillary  tube  of  the  laboratory  tube,  about 
midway  between  the  bend  and  the  stop-cock,  the  latter  is  quickly 
closed.  It  is  necessary  that  this  stop-cock  should  be  very  perfect. 
This  is  attained  by  grinding  the  plug  into  the  socket  with  fine 
levigated  rouge  and  solution  of  sodium  or  potassium  hydrate.  By 
this  means  the  plug  and  socket  may  be  polished  so  that  a  very  small 
quantity  of  resin  cerate  and  a  drop  of  oil  renders  it  perfectly  gas-tight. 
In  grinding,  care  must  be  taken  that  the  operation  is  not  carried  on 
too  long,  otherwise  the  hole  in  the  plug  may  not  coincide  with  the 
tubes.  If  this  stoj)-cock  is  in  sufficiently  good  order,  it  is  unnecessary 
to  close  the  stop-cock  a  during  an  analysis. 

The  mercury  is  allowed  to  flow  out  of  the  apparatus  until  its 
surface  is  a  short  distance  below  the  division  at  which  the  measure- 
ments are  to  be  made.  The  selection  of  the  division  depends  on  the 
quantity  of  gas  and  the  kind  of  experiment  to  be  performed  with  it. 
A  saving  of  calculation  is  efi'ected  if  all  the  measurements  in  one 
analysis  are  carried  on  at  the  same  division.  When  the  mercury  has 
descended  l)elow  the  division,  the  cock  c  is  closed,  the  reservoir  raised, 
and  the  black  screen  moved  until  its  lower  edge  is  about  a  millimete^ 
above  the  division,  and  the  telescope  placed  so  that  the  image  of  thfe 
division  coincides  with  the  cross-wires  in  the  eye-])iece.  The  stopi- 
cock  c  is  now  gently  opened  until  the  meniscus  just  touches  the 
division  ;  the  cock  is  closed  and  the  height  of  the  mercury  in  the 
barometer  is  measured  by  means  of  the  telescope.  The  difference 
between  the  reading  of  the  barometer,  and  the  number  in  the*  table 
corresponding  to  the  division  at  which  the  measurement  is  taken,  gives 
in  millimeters  the  tension  of  the  gas.  The  volume  of  the  gas  is  found 
in  the  same  table,  and  with  the  temperature  which  is  read  off*  at  the 
same  time  as  the  pressure,  all  the  data  required  for  the  calcidation  of 
the  volume  of  the  gas  at  0**  and  760  m.m.  are  obtained.  No  correction 
is  required  for  tension  of  aqueous  vapour;  the  measuring  tube  and 
barometer  tube  being  both  moist,  the  tensions  in  the  tubes  are  counter- 
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l)alanced.  Absorptions  are  performed  with  liquid  reagents  by 
introducing  a  few  drops  of  the  liquid  into  the  laboratory  tul>e, 
transferring  the  gas  into  it,  and  allowing  the  mercury  to  drop  slowly 
through  the  gas  for  alx)ut  five  minutes.  The  gas  is  then  passed  over 
into  the  measuring  tube,  and  the  difference  of  tension  observed 
corre8i)onds  to  the  amount  of  gas  absorbed.  It  is  scarcely  necessary 
to  add,  that  the  greatest  care  must  be  taken  to  prevent  any  trace  of 
the  reagent  passing  the  stop-cock.  If  such  an  accident  should  occur, 
the  measuring  tube  must  be  washed  out  several  times  with  distilled 
water  at  the  conclusion  of  the  analysis.  If  the  reagent  is  a  solution 
of  i)ota8sium  hydrate  it  may  be  got  rid  of  l)y  introducing  into  the 
tul)e  some  distilled  water,  to  which  a  drop  of  sulphuric  acid  has  been 
added.  If  this  liquid  is  found  to  be  acid  on  removing  it  from  the 
tube,  it  may  be  presumed  that  all  the  alkali  has  l)een  neutralized. 

When  explosions  are  to  be  performed  in  the  apparatus,  the  gas  is 
first  measured  and  then  returned  to  the  laboratory  tulje.  A  quantity 
of  oxygen  or  hydrogen,  as  the  case  may  be,  which  is  judged  to  T)e  the 
proper  volume,  is  transferred  into  the  laboratory  tube,  and  some 
mercury  is  allowed  to  stream  throuj^h  the  gases  so  as  to  mix  them 
thoroughly.  The  mixture  is  next  passed  into  the  eudiometer  and 
measured.  If  a  sufficient  (piautity  of  the  second  gas  has  not  ])een 
added,  mon?  can  readily  l>e  introduced.  After  the  measurement,  it 
may  be  advisable  to  expand  the  mixture,  in  order  to  diminish  the 
force  of  the  exjilosion.  This  is  done  by  allowing  mercury  to  flow  out 
from  the  tul)e  into  the  reservoir.  When  the  proper  amount  of 
expansion  has  l>een  reached,  the  sto^vcocks  a  and  h  are  closed.  To 
enable  the  electric  sjmrk  to  pass  Wtween  the  'wires,  it  is  necessary  to 
lower  the  level  of  the  water  in  the  cylinder.  For  this  jmrpose,  the 
l>ent  glass  tu])e  at  the  extremity  of  the  syphon  is  made  to  slide  easily 
through  the  cork  wliicli  closes  the  top  of  the  wide  tube  J.  By 
depressing  the  bent  tulxj,  the  water  flows  out  more  rapidly  than  before, 
and  the  level  consequently  fulls.  When  the  surface  is  below  the 
eudiometer  wires,  a  spark  from  an  induction-coil  is  i>assed,  exploding 
the  gas.  The  syphon  tube  is  immediately  raised,  and,  when  the  water 
in  the  cylinder  has  reached  its  original  level,  the  gas  is  cool  enough 
for  measurement.  900  (;.e.  of  mercury  are  aini)ly  sufficient  for  the  whole 
apparatus ;  and  as  there  is  no  cement  used  to  fasten  the  wide  tul>es 
into  iron  sockets,  a  great  difficulty  in  the  original  apjmratus  is  avoided. 

The  following  details  of  an  analysis,  in  which  absorj)tions  only  were 
performed,  will  show  the  method  employed.  The  gas  was  a  mixture 
of  nitrogen,  oxygen,  and  carl>onic  anhydride,  and  the  measurements 
were  all  made  at  division  No.  1  on  the  eutliometer,  which  has  been 
found  to  contain  8*6892  c.c. 

Original   Gas. 

ni.tn. 

Temperature  of  water  in  cylinder,  15*4*'. 

Height  of  mercury  in  barometer  tube 980*5 

„         „             corresponding   to   Division   No.   1   (see 
Table) 756*9 

Pressure  of  the  gas       ...  ....     223*6 
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After  absorption  of  the  carbonic  anhydride  by  solution  of 

potassium  hydrate —  xn^ni. 

Height  of  mercury  in  barometer  tube 941  '7 

„         „             corresponding  to  Division  No.  1             .  766*9 

Pressure  of  the  gas  after  removal  of  carbonic  anhydride           .  184*8 

Pressure  of  original  gas 223*6 

„          gas  after  removal  of  carbonic  anhydride        .         .  184*8 

Tension  of  carbonic  anhydride 38 '8 

After  absorption  of  the  oxygen  by  potassium  pyrogallate — 

Height  of  mercury  in  barometer  tube 885*4 

corresponding  to  Division  No.  1    .         .  756*9 


»»         » 


11 
11 

11 


Pressure  of  nitrogen .128*5 

Pressure  of  oxygen  and  nitrogen  .....     184*8 

„  nitrogen 128*5 

„  oxygen 56*3 

These  measurements,  therefore,  give  us  the  following  numbers : — 

Hum* 

Pressure  of  nitrogen 128*5 

oxygen 56*3 

carbonic  anhydride 38*8 

original  gas 223*6 

If  the  percentage  composition  of  the  gas  is  required,  it  is  readily 
obtained  by  a  simple  proportion,  the  temperature  having  remained 
constant  during  the  experiment : — 

m.m.  ra.m.  m.m. 

223-6  :  128-5  ::  100  :  57  469  per  cent.  N 
223-6  :  56-3  :  :  100  :  25-179  per  cent.  0 
223-6     :       38-8     :  :     100     :     17352  per  cent.  COj 

100-000 

If,  however,  it  is"  necessary  to  calculate  the  number  of  cubic  centi- 
meters of  the  gases  at  0**  and  760  m.m.,  it  is  done  by  the  following 
formulae : — 

8-6892  X  128-5  ,  ^^_  ^    . 

760  x[l  +  (0"003665x  15-4)]  =  ^'^^^^  ^-^^  ^^  nitrogen. 
8-6892  X  56-3 

7B0  X  [lT(0-003665  x  15-4)]^^*^^^^  ^-^^  ^^  ^^y«^°- 

8-6892  X  38-8 
760  X  [1  -f  (0-003665  x  15-4)]  =  ^'^^^^  ''•^-  ^^  ^'^^^^^  anhydride. 

8-6892x223-6  ^'  ,^^  ,  ,        .  .     , 

760  X  [1  +  (0-003665  x  15-4)]  =  ^'^^^^  ^•^-  ^^  *^^  ^"^^^^^  ^' 

If  many  of  the  calculations  are  to  be  done,  they  may  be  very  much 
simplified  by  constructing  a  table  containing  the  logarithms  of  the 
quotients  obtained  by  dividing  the  contents  of  each  division  of  the 
tube  by  760  x  (1  +0003665^).  The  following  is  a  very  short  extract 
from  such  a  table  : — 
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nno 

• 

DiTMon  No.  1. 
8-6892 

DiviBioD  Ko.  2. 
18- 162 1 

^"^•70Ox(l+aO. 

^^- 760 X  (1+80. 

15-0 

203492 

2-35511 

•1 

2-03477 

2-35496 

•2 

2-03462 

2-35481 

•3 

2  03447 

2-35466 

•4 

.     2Q3432 

2-34451 

By  adding  the  logarithms  of  the  tensions  of  the  gases  to  those  in 
the  above  table,  the  logarithms  of  the  quantities  of  gases  are  obtained ; 
thus : — 


Log.   corresponding  to  Division  No.  1, 

and  15-4"* 

Log.  128 -5=8  pressure  of  nitrogen 

Log.  of  quantity  of  nitrogen 

Volume  of  nitrogen  at  0**  and  760  m.m. 

Log.  56-3  =  pressure  of  oxygen 

Log.  of  quantity  of  oxygen    . 

Volume  of  oxygen  at  0°  and  760  m.m. 

Log.    38-8  =r  pressure  of  carbonic  anhy- 
dride       ...... 

Log.  of  quantity  of  carlx)nic  anhydride  . 
Volume  of  carbonic  anhydride  at  0** 
and  760  m.m.        .... 

Ix)g.  223-6 ^pressure  of  original  gas 

Log.  of  quantity  of  original  gas 

Volume   of   original   gas    at    0"    and 


2-03432 

210890 

0-14322  =  log.  1-3906 
1-3906  C.C. 

2-03432 

1-75051 

r78483  =  log.  0-6093 
0-6093  cc. 


2-03432 

r-58883 

r-62315  =  log.  0-4199 

0-4199  cc. 

2-03432 

2-34947 


0-38379  =  log.  2-4198 


760  m.m. 

•                   •                  • 

2-4198  cc. 

Nitrogen 

1  -3906 

or     1-391  cc 

Oxygen     . 

0-6093 

or     0  609  cc 

Carbonic  anhydride 

0-4199 

or     0-420  cc 

Total      . 

2-4198 

or     2-420  cc 

Tlie  following  example  of  an  analysis  of  coal  gas  will  show  the 
mode  of  working  with  this  apparatus,  and  the  various  operations  to  be 
performed  in  order  to  determine  the  carbonic  anhydride,  oxygen, 
hydrocarbons,  absorbed  by  Nordhausen  sulphuric  acid,  hydrogen, 
marsh  gas,  carbonic  oxide,  and  nitrogen. 

The  measuring  tulje  and  lalK)ratory  tube  were  first  filled  with 
mercury,  some  of  the  gas  introduced  into  the  laboratory  tube,  and 
passed  into  the  apparatus. 
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The  gas  was  measured  at  the  second  division. 

Height  of  mercury  in  the  barometer  tube         .         .     989*0 
„  „  „      measuring  tube        .        .     706 '8 

Pressure  of  the  gas  at  16-6°     282*2 

Two  or  three  drops  of  a  solution  of  potassium  hydrate  were  now 
placed  in  the  laboratory  tube,  and  the  gas  passed  from  the  measuring 
tube,  the  mercury  being  allowed  to  drop  through  the  gas  for  ten 
minutes.     On  measuring  again — 

Height  of  mercury  in  barometer     .         .         .         .     984*0 

Some  saturated  solution  of  pyrogallic  acid  was  introduced  into  the 
laboratory  tube,  and  the  gas  left  in  contact  with  the  liquid  for  ten 
minutes.     On  measuring — 

Height  of  mercury  in  barometer     ....     983*6 

Height  of  mercury  when  measuring  original  gas       .     989*0 

after  absorption  of  COo     .         .     984*0 

Pressure  of  CO.,         5*0 

after  absorption  of  COg     .         .     984*0 
after  absorption  of  O        .         .     983*6 

Pressure  of  O         0*4 

The  volume  of  the  gases  being  proportional  to  their  pressures,  it  is 
simple  to  obtain  the  percentages  of  carbonic  anhydride  and  oxygen  in 
the  original  gas. 

Ori^rinal  gas.  CO7 

282*2       :       5-0       :  :       100       :       1*772  per  cent.  COg 

Original  gaa.  O 

282*2       :       0-4       :  :       100  0^42  per  cent.  0 

1*914 


J)  M 


By  subtracting  1*914  from  100,  we  obtain  the  remainder,  98*086, 
consisting  of  the  hydrocarbons  absorbed  by  Nordhausen  sulphuric 
acid,  hydrogen,  carbonic  oxide,  marsli  gas,  and  nitrogen  ;  thus : — 

Original  gas 100*000 

Oand  CO2 1;914 

CnHaU.  H.  CO.  CH^.  N 98*086 

While  the  gas  remains  in  the  measuring  tube,  the  laboratory  tube 
is  removed,  washed,  dried,  tilled  with  mercury,  and  again  attached  to 
the  apparatus.  Much  time  is  saved  by  replacing  the  laboratory  tube 
by  a  second,  which  was  previously  ready.  As  a  minute  quantity  of 
gas  is  lost  in  tliis  operation,  in  consequence  of  the  amount  between 
the  stojvcocks  being  replaced  by  mercury,  it  is  advisable  to  pass  the 
gas  into  the  laboratory  tube,  then  transfer  it  to  the  eudiometer,  and 
measure  again. 

(jn   remeasuring,    tin*    niorcury    in    the    barometer 

stood  at 983*3 

The  mercury  in  the  measuring  tube         .         .         .     706*8 

Pressure  of  CnH.^n.  H.  CO.  CH^.  N.    "276^ 
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The  gas  is  again  passed  into  the  laboratory  tube,  and  a  coke  ball, 
soakeil  in  fuming  sulphuric  acid,  left  in  contact  with  the  gas  for  an 
hour;  the  bullet  is  then  withdrawn,  and  some  potassium  hydrate 
introduced  and  left  in  the  tube  for  ten  minutes,  in  order  to  remove 
the  vapours  of  sulphuric  anhydride,  and  the  sulphurous  and  carlwnic 
anhydrides  formed  during  the  action  of  the  Nordhausen  acid  on  the 
gas.     Tlie  gas  is  now  measured  again. 

Height  of  mercury  in  barometer  tube      .         .         .     969*3 


„  „  „  ]K?fore  absorbing 

►         »         •         • 
After  .         .     969*3 


CnHgU 983-3 


>»  >>  »» 


Pressure  of  CnHoU       14*0 

The  iHjrcentage  of  these  hydrocarbons  is  thus  found  : — 
Oas  containing  Cnll^n.  11.  CO.  CH^.  X. 

CnH.n. 

276-5     :     14-0     :  :     98  086     :     4-966   per  cent.  CnH^n. 

It  now  remains  to  determine  the  hydrogen,  carbonic  oxide,  marsh 
ga;*,  and  nitrogen  in  a  i>ortion  of  tlie  residual  gas.  The  laboratory 
tiil>e  is  therefore  removed^  some  of  the  gas  allowed  to  escajm,  and 
another  lal>oratory  tul>e  adapted  to  tlie  apjjaratus.  The  portion  of  gas 
remaining  is  expanded  to  a  lower  ring  (in  this  special  case  to  the  third 
division),  and  the  tension  measured  : — 

Height  of  mercury  in  the  Imrometer  tube        .         .     642*2 

measuring  tube        .         .     606*7 


»>  i> 


Pressure  of  residue       35-5 


An  excess  of  oxygen  has  now  to  be  added.  For  this  purpose  the 
gas  is  passed  into  the  laboratory  tul)e,  and  alx)ut  five  times  its  volume 
of  oxygtiu  introduced  from  a  test  tube  or  gas  pipette.  The  necessary 
cjuantity  of  oxygen  is  conveniently  estimated  by  the  aid  of  rough 
gra<luations  on  the  laboratory  tube,  which  are  made  by  introducing 
successive  (piantities  of  air  from  a  small  tube  in  the  manner  previously 
descrilxid  for  the  calibration  of  the  eudiometers. 

After  the  intro<luction  of  the  oxygen,  the  mixed  gases  are  |)assed 
into  the  eudiometer  and  measured. 

Height    of    mercury     in     the     eudiometer     after 

addition  of  O 789*5 

The  mixture  has  now  to  be  exploled,  and  when  tho  pressure  is 
consiilerable,  it  is  advisable  to  exi)and  the  gas  so  as  to  moderate  the 
violence  of  the  explosion.  When  sutficiently  dilated,  the  stop-cock  at 
tlie  bottom  of  the  eudiometer  is  closed,  the  level  of  the  water  lowered 
ben«'iith  the  i)latinum  wires  by  depressing  the  syi)hon,  and  the  spark 
jih^cmI.  Thi*  explosion  sliould  be  so  powerful  tliat  it  should  be 
aiulible,  and  the  flasli  visible  in  not  too  bright  daylight. 

The  sto^vcock  at  Llie  bottom  of  the  eudiometer  is  now  opened,  and 
the  gas  measured. 

Height  of  mercury  in  barometer  after  explosion       .     732*5 
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The  difference  between  this  reading  and  the  previous  one  gives  the 
contraction  produced  by  tlie  explosion  : 

Height  of  mercury  in^barometer  before  explosion     .     789'6 

„       'after  „  732'5 

Contraction  =  C       57  0 


»  >» 


It  is  now  necessary  to  estimate  the  amount  of  carbonic  aiihj'dhide 
formed.  This  is  done  by  absorbing  with  potassium  hydrate  as  before 
described. 

Height    of    mercury    iji     barometer     tube     after 
absorbing  COg 715*8 

This  number  deducted  from  the  last  reading  gives  the  carbonic 
anhydride. 

Height  of  mercury  in  barometer  after  exploding      .     732*5 
„  „  „        after  absorbing  COj     715-8 

Carbonic  anhydride  =  D       16*7 

It  now  remains  to  determine  the  quantity  of  oxygen  which  was  not 
consumed  in  the  explosion,  and  which  excess  now  exists  mingled  with 
the  nitrogen.  For  this  purpose,  a  volume  of  hydrogen  about  three 
times  as  great  as  that  of  the  residual  gas  is  added,  in  the  same  way  as 
the  oxygen  was  previously  introduced,  and  the  pressure  of  the 
mixture  determined. 

Height  of  mercury  in  barometer  after  adding  H     .     1031*3 

This  mixture  is  exploded  and  another  reading  taken. 

Height   of   mercury   in   barometer  after  exploding 

witli  II 7067 

This  numl)er  subtracted  from  the  former,  and  the  difference  divided 
by  3,  gives  the  excess  of  oxygen. 

Height  of  mercury  in  barometer  before  exploding 

withH 1031*3 

Height  of  mercury  in   barometer  after  exploding 

with  II 706*7 

3)    324*6 

Excess  of  oxygen     108*2 

In  order  to  obtain  the  quantity  of  nitrogen  in  the  gas  analyzed, 
this  number  has  to  be  deducted  from  the  volume  of  gas  remaining 
after  the  explosion  with  oxygen  and  the  ronioval  of  the  carbonic 
anhydride. 

Height  of   mercury  in    barometer   after   absorbing 

„  „  in  eudiometer  at  division  No.  3  606*7 
Nitrogen  and  excess  of  oxygen  ....  109  1 
Excess  of  oxygen 108  2 

Nitrogen         0*9 


§  107.  ANALYSIS  OF  CASKS.  nGl 

We  have  now  all  tlie  data  necessary  for  the  calculation  of  the 
composition  of  the  coal  gas.  It  is  first  rec^uisito  to  calculate  the 
proiMDrtion  of  the  corahustible  gas  present  in  the  coal  gas,  which  is 
tlone  hv  deducting  the  sum  of  the  percentages  of  gas  determined  by 
absorption  from  100. 

Percentage  of  carbonic  anhydride.         .  .       1*772 

„  oxygen 0*142 

„  CnII.,n 4*966 

COjj.  0.  Cnllgn       6*880 

Original  gas 100000 

CO..  O.  Cnllj^n 6*880 

H.  CO.  CH4.  N     93  120 

The  formula  for  the  calculation  of  the  analysis  of  a  mixture  of 
hydrogen,  carl)onic  oxide,  and  marsh  gas,  are  (see  page  539) — 

I  [ydrogun  =  x  =  A  - 1) 

,,    .      .        .,  3A-2C  +  1) 


^ ^                3 

.,     ,                             2C-3A  +  2I) 
Marsh  gas           —  ::  =           - 

0 

A  = 
1)  = 

A  =  35  5  -  0*9  =  34*6 

C  =  57  0 

l)  =  16-7 
34*6 
16-7 

A  = 

1 7  9  =  .r  =  Hydrogen   in  35*5  of  the  gas  exploded 

with  oxygen. 

34-6                     C  =       57*0 

3                                         2 

3A  = 

103-8                   2C=     1140 

D  = 

16*7 

3  A  +  D  = 

120-5 

20  = 

114*0 

3) 

'  6*5   =r  3A  +  1)-2C 

-    -  ^-=2*167  =  y  =  Carlx>nic  oxide  in  35*5  of  the  gas. 

I)  =     16*7 
2 

21)=     33  4 
2C  =    1140 

2D  +  2C=    147*4 
3A=    K)3*8 

3)  43*6^2D  +  2C-3A 
2D  +  2Cj-3A  ^     14.533  ^  2  _  j^j^j^  g^  jj^  35.5  ^^  ^j^^  ^^ 

o  o 
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These  numbers  are  readily  transform ed  into  percentages,  thus : — 

35-5  :  17-9  :  :  93-12  :  46*952  per  cent,  of  Hydrogen. 

35-5  :     21 67  :  :  931 2  :     5*684  per  cent  of  Carbonic  oxido. 

35-5  :  14-533  :  :  9312  :  38*122  per  cent,  of  Marsh  gas. 

35-5  :     0-9  :  :  93*12  :     2*361  per  cent,  of  Nitrogen. 

Tliis    completes  the    calculations,   the   results   of  which    are  as 
follows : — 


Hydrogen 

.     46-952 

Marsh  gas 

.     38-122 

CnHgn    .         .         .         . 

.       4-966 

Carbonic  oxide 

.       5*684 

Carbonic  anhydride 

.       1-772 

Oxygen  . 

0-142 

Nitrogen 

.       2-361 

99*999 

It  is  obvious  that  this  analysis  is  not  quite  complete,  since  it  does 
not  give  any  notion  of  the  composition  of  the  hydrocarbons  absorbetl 
by  the  Nordhausen  acid.  To  determine  this,  some  of  the  original 
gas,  after  the  removal  of  carbonic  anhydride  and  oxygen,  is  exploded 
with  oxygen,  and  the  contraction  and  carbonic  anhydride  produced 
are  measured.  The  foregoing  experiments  have  shown  the  effect  due 
to  the  hydrogen,  carbonic  oxide,  and  marsh  gas,  the  excess  obtained 
in  the  last  explosion  being  obviously  caused  by  the  hydrocarbons 
dissolved  by  the  sulj^huric  acid,  and  from  these  data  the  composition 
of  the  gas  may  be  calculated. 

It  may  be  remarked  that  anal^-ses  of  tliis  kind  were  performed 
with  the  apparatus  at  the  rate  of  two  a  day  when  working  for 
seven  hours. 

It  may  be  useful  to  show  how  this  analysis  appears  in  tho 
laboratory  note-book  : 

Anahjds  of  Coal  Gas, 

9890 -)  f^p.no^  9890  9840 

706-8  ( }^^J^                         984*0               983-6 
ongmal  


282-2 ;      ^'^-  50  =  COa        0-4^0 

9840    Aft.  absorb.  00^  2822  :  5-0  :  :  100  :  1-772  COa 


282-2  :  0-4  :  :  100  :  0142  O 


983-6    Aft.  absorb.  O  1-914 

100000 
983-3     Remeasured  1914  C0.>.  O 


98086  CnHan.  H.  CO.  CU4.  N 

969*3    Aft.  absorb.  Cnllan  9833        9833 

"^"  7068         969-3 


276-5  140  CnH.,n 
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642-2 

606*7  [  Portion  of 
Besidue 


276-5  :  14-0  :  :  98*086  :  4966  CnH,n 


35-5 


789  5    withO 
732-5    Aft.  expl. 

CO, 

CO,- 1-772 

35  5  =  H.  CO.  CH4.  N                    0-0- 142 

0-9  «N                                 CnHaN- 4-966 

34-6 -H.  CO.  CH4-A                         6*880 

715-8  Aft.  absorb. 

789-5                                732-5 
732-5                               715-8 

1031-3    withH 
706-7    Aft.  expl. 


570  «  cont  ractioD = C     167  «=  CO,  =^  D 
1081-3  715-8 

706-7  606-7 


3)324-6 


108-2  =  0 


109-l  =  N  +  O 
108-2  =  0 

0-9 =N 


H-J--A-D         =17-9 

3A-2C  +  D        _^^ 
CO=y= 3 =•  2167 

2C-3A  +  2D     _^„„ 
CH4  =  «=«  o  -14*633 


34*600 


34*6  =  A 
lt)*7-D 


34*6     «A 
3 


167 
2 


179=x=«H 


103-8     =3A 
16-7     =D 


33-4 
1140 


-D 


=2D 
=  20 


570 =C 


120-5 
1140 


.3A  +  D 
2C 


147-4     =2C  +  2D 
103-8     =3A 


1140  =  20 


3)     6-5     =3A  +  D-2C  3)  436     ==2D  +  2C-3A 


2167=j^  =  CO 


100000 
6-880  CO.  O.  CnHjn 


93- 120  H.  CO.CH4.  N 

H 

CH4 

CnH,n 

CO 

CO, 

O 

N 


35-5  :  17-9 

35-5  :     2-167 

35-5  :  14-533 

35*5  :     0-9 


14*533  =  z  =  CH4 

93-12  :  46-952  H 
93  12  :     5-684  CO 
93-12  :  38*122  CH4 
93- 12  :     2*361  N 


46*952 
38-122 
4-966 
6-684 
1-772 
0-142 
2  361 


99*999 


It  is  assumed  in  the  above  example,  that  the  temperature  of  the 
water  in  the  cylinder  remained  constant  throughout  the  period 
occupied  in  performing  the  analysis.  As  this  very  rarely  happens, 
the  temperature  should  be  carefully  read  off  after  every  measurement 
of  the  gas  and  noted,  in  order  that  due  correction  be  made  for  any 
increase  or  decrease  of  volimie  which  may  residt  in  consequence. 

o  o  2 
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THOMAS'S    MODIFIED     GAS    APFABATUS. 

In  the  Chetnicul  tiocieti/s  Jcni)mal  for  May,  1879,  Thomas- 
described  an  apparatus  for  gas  analysis  (fig.  102)  which  has  the 
closed  pressure  tube  of  Frankland  and  Ward,  and  is  supplied  with 
mercury  by  means  of  .the  flexible  rubber  tube  arrangement  of 
Mc  Lepd.  The  manner  in  which  this  apparatus  fs  filled  with, 
mercury  and  got  into  order  for  working  is  so  similar  to  that  already 
.  described,  tliat  no  further  reference  need  be  made  thereto. 

The  eudiometer  is  only  450  m.m.  long  from  shoulder  to  shoulder,, 
and  tlie  laboratory  tube  and  mercury  trough  are  under  the  command 
of  the  operator  from  the  floor  level.  The  eudiometer  has  division* 
20  m.m.  apart,  excepting  the  uppermost,  which  is  placed  as  close 
beneath  the  platinum  wires  as  is  convenient  to  obtain  a  reading.  The 
method  explained  in  sequel  of  exploding  combustible  gases  under 
reduced  pressure,  without  adding  excess  of  gas  to  modify  the  force 
of  the  explosion,  permits  the  shortening  of  the  eudiometer  as  above,^ 
and  enables  the  apparatus  to  be  so  erected,  that  a  long  column  of  the 
barometer  tube  shall  stand  above  the  summit  of  the  eudiometer.  By 
means  of  such  an  arrangement  a  volume  of  gas  may  be  measured 
under  nearly  atmospheric  pressure,  and  as  this  pressure  is  equal  ta 
more  than  700  m.m.,  plus  aqueous  tension,  the  sensitiveness  of  the 
apparatus  is  considerably  augmented.  The  barometer  tube  is  1000  m.m. 
in  length,  having  about  700  m.m.  lines  above  Division  2  on  the 
eudiometer.  The  steel  clamp  and  facets  forming  the  connections- 
between  the  eudiometer  and  detachable  laboratory  tube  of  the 
apparatus  previously  described  are  dispensed  with,  as  in  this  form  the 
eudiometer  and  laboratory  vessels  are  united  by  a  continuous  capillary 
tube,  12  m.m.  (outside)  diameter,  and  one  three-way  glass  tap  ia 
employed  in  lieu  of  the  two  stop-cocks.  The  arrangement  is  simple. 
The  glass  tap  is  hollow  in  the  centre,  and  through  this  hollow  a 
communication  is  made  with  the  capillary,  by  means  of  which  either 
the  laboratory  tube  or  the  eudiometer  can  be  washed  out.  As  the 
laboratory  vessel  is  not  disconnected  for  the  removal  of  the  reagent 
used  in  an  absorption,  it  is  supported  by  a  clamp,  as  shown  in  the 
drawing ;  and  when  it  requires  washing  out  the  mercury  trough  is- 
turned  aside  in  order  that  an  enema  syringe  may  be  used  for  injecting 
a  stream  of  water.  A  few  drops  of  water  are  let  fall  into  the  hollow 
of  the  tap,  and  blown  through  the  capillary  tube  three  times  in 
succession,  so  as  to  get  rid  of  the  absorbent  remaining  in  the  capillary,, 
then  the  syringe  is  brought  into  play  once  more,  the  excess  of  water 
removed  by  wiping,  and  the  trough  turned  back  into  position.  The 
laboratory  tube  may  be  refilled  with  mercury,  as  described  on 
page  553 ;  but  it  will  be  found  much  more  serviceable  if  a  double-^ 
acting  syringe,  connected  to  a  bulb  apparatus  (to  catch  any  mercury 
that  may  come  over),  and  then  to  the  orifice  of  the  hollow  in  the  tap 
by  a  ground  perforated  stopper,  be  used,  as  this  will  obviate  the 
destructive  eflect  of  heavy  suction  upon  the  gums  and  teeth.  The 
mercury  trough  is  supported  upon  a  guide  which  travels  over  the 
upright  U,  and  is  turned  aside  for  the  purpose  of  washing  out  the 
laboratory   vessel   in   the  following  manner: — The  spiral  spring  is 
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depressed  by  means  of  the  tension  rods  until  the  slot  is  brought  below 
the  stud  fixed  in  the  upright  U;  and  the  top  ferrule  holding  the 
guide  rods  being  movable,  the  trough  can  be  turned  round  out  of  the 


way,  but  ia  prevented  from  coming  in  contact  with  the  glass  water- 
cylinder  by  au  arrangement  in  the  top  iif  the  guide,  which  cornea 
against  the  stud  in  the  upright.     The  height  of  the  trough  car  be 
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accurately  adjusted  by  the  screw  in  the  top  of  the  lever  guide.  When 
the  trough  is  in  position,  the  clamp  holding  the  laboratory  vessel  may 
be  loosed  when  necessary. 

The  eudiometer  and  barometer  tubes  pass  through  an  india-rubber 
cork,  as  in  Mc  Leod's  apparatus,  but  are  not  supported  by  the 
clamp  C,  which  here. simply  bears  the  water-cylinder.  No  glass  stop- 
cocks are  used,  or  glass  work  of  any  kind  employed  in  the  construction 
of  the  lower  portion  of  the  apparatus.  The  lower  end  of  the 
eudiometer  has  a  neck  of  the  same  outside  diameter  as  the  barometer 
tube  (9'5  m.m.),  and  both  tubes  are  fixed  into  the  steel  block  X, 
without  rigidity,  by  the  usual  steam  cylinder  gland  arrangement, 
small  india-rubber  rings  being  used  to  form  the  packing.  The  steel 
block  is  fixed  to  the  table  by  a  nut  screwed  upon  the  |-inch  hydraulic 
iron  tube,  which  runs  to  the  bottom  of  the  table.  The  tap  in  the  steel 
block  is  so  devised  that  it  first  cuts  off  connection  with  the  barometer 
tube,  in  order  that  the  gas  may  be  drawn  over  from  the  laboratory 
vessel  into  the  eudiometer  without  risking  the  fracture  of  the  upper 
end  of  the  barometer  tube  by  any  sudden  action  of  the  mercury.  This 
precaution  is  necessary,  as  during  the  transferring  of  the  gas  the 
mercury  in  the  barometer  tube  is  on  the  point  of  lowering,  to  leave 
a  vacuous  space  in  the  summit  of  the  tube.  By  moving  the  handle 
a  little  further  on  the  quadrant  a  communication  is  made  with  both 
tubes  and  the  reservoir  for  the  purpose  of  bringing  the  gas  into 
position,  so  as  to  take  a  reading ;  then  the  handle  is  drawn  a  little 
further  to  cut  off  the  reservoir  supply,  whilst  there  is  a  way  still  left 
between  the  eudiometer  and  barometer  tubes,  and  if  the  handle  be 
drawn  forward  a  little  more,  all  communication  is  cut  off  for  the 
purpose  of  exploding. 

The  windlass  P,  for  raising  and  lowering  the  mercury  reservoir  L,  is 
placed 'beneath  the  table,  in  order  that  it  may  be  mider  command 
from  a  position  opposite  the  laboratory  vessel,  and  it  is  furnished  with 
a  spring  ratchet  motion,  so  as  to  be  worked  by  one  hand.  The  water- 
cylinder  should  be  four  inches  in  diameter,  and  the  casing  tube  of  the 
lirometer  as  wide  as  ])racticable,  so  that  the  temperature  of  the 
apparatus  may  be  maintained  as  constant  as  possible.  To  attain  an 
accurate  result  it  is  as  essential  to  keep  the  barometer  tube  of  uniform 
temperature  as  the  eudiometer,  since  the  tension  of  aqueous  vapour 
varies  proportionately.  The  stream  of  water  from  the  service  main  is 
run  into  the  casing  tube  at  the  upper  end  of  the  barometer,  and, 
whilst  the  water-cylinder  is  filling,  the  tap  at  the  bottom  is  opened 
slightly,  so  that  water  may  run  out  very  slowly.  When  the  water- 
cyUnder  is  full,  the  upright  tube  G  acts  as  a  sj^hon,  and  sucks  out  the 
excess  of  water  from  the  top  of  the  cylinder,  thus  keeping  up  the 
circulation  at  the  i)oint  where  it  is  most  required.  For  a  further 
detailed  description  of  the  apparatus  see  /.  C.  S.,  May,  1879. 

There  are  only  two  working  taps  u])on  this  apparatus — the  three- 
way  glass  tap  between  the  eudiometer  and  laboratory  tube,  and  the 
steel  cap  at  the  lower  ends  of  the  barometer  and  eudiometer.  The 
steel  tap  is  greased  with  a  little  beef-tallow  (made  from  clean  beef- 
suet),  or  with  real  Kussian  tallow;  it  will  last   for  twelve   months 
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without  further  alteiition.  A  moderately  thick  washer  of  india-rubber, 
placed  between  the  eteel  washer  and  the  nut  at  the  end  of  the  steel  tap, 
adds  greatly  to  the  steady  working  of  the  needle  on  the  quadnint. 
ifoderetely  soft  resin  cerate  is  bent  for  the  ^lass  tap. 

When  filling  the  laboratory  vessel  witli  mercury,  suction  is 
nmintaiiied  until  the  mercury  lias  reached  some  height  in  the  hollow 
of  the  tliree-way  tap.  The  remainder  of  the  hollow  space  is 
replenished  by  pouring'  the  mercury  from  a  small  crucible ;  any  water 
that  may  be  piesent  is  then  removed,  and  the  small  stopper  inserted. 
\\'hen  the  laboratory  vessel  has  to  be  waslieil  out  after  an  absorption, 
the  gas  is  transferred  to  the  eudiometer  until  the  absorljent  gets  within 
a  quarter  of  an  inch  of  the  stop-cock.  The  moclianical  arrangement 
should  l>e  so  niaiia;jeable  tjiat  this  nicety  of  adjustment  can  be 
accomplished  with  ruse.  Much  depemla,  of  course,  upon  the  care 
l>eHtowed  in  ceratint;  the  tap,  so  that  the  capillary  is  not  carelessly 
blocke^l  up.  As  soon  oa  the  gas  lias  [>asHed  over  to  the  extent 
required,  turn  the  three-way  top  until  the  through-way  is  at  right 
angles  to  the  capillary,  and  the  way  to  the  hollow  of  the  tap  is  in 
communication  with  the  la)>oiatory  vessel,  then  take  out  the  little 
stopper  from  the  hollow,  so  that  the  mercury  ahull  flow  out,  and  allow 
the  laboratory  vessel  Ui  liecome  emptied  whilst  the  rea<ling  of  the 
volume  of  the  gas  in  1>eing  taken.  Tlie  l)est  arrangement  for  wasliii^ 
out  the  lalmratory  tulie  is  a  "syphon  enema,"  flg.  103  (Dr. 
Higginson's  principle,  which  may  be  obtained  of  any  druggist), 
adapting  in  the  place  of  the  usual  nozzle  a  bent  glass  tube.  This 
Bj-ringe  is  constant  in  its  action,  as  it  tills  itself  when  the  pressure  is 
released,  if  the  tube  at  the  lower  end  is  placed  in  a  vessel  of  water. 
The  lalxiratory  vch-sc^I  can  be  washed  out  and  refilled  in  a  very  litUe 
time,  as  it  is  already  connected,  and  for  all 
ordinary  al>8or|)tionN  it  is  sufficient  to  wipe 
the  vessel  out  once  by  ]Miiwing  up  a  fine 
towel  twisted  on  a  round  stick.  When 
Cnlljii  gases  are  to  lie  absorlied  by  fuming 
sulphuric  acid,  the  water  should  be  carefully 
blown  out  of  the  capillary  tulje  into  the 
laboratory  vessi'l,  which  must  lie  repeatedly 
dried-  A  few  drops  of  strong  sulphuric 
acid  were  at  first  run  into  the  hollow  of  the 
tap  and  then  through  the  capillary  whilst 
the  lalioratory  vessel  was  full  of  mercury,  in 
order  to  remove  any  moisture  remaining,  liut 
it  iias  since  been  found  unnecessary,  as  tlif 
drying  can  W  i«rfornied  thoroughly  without. 
To  calibrate  the  eudiometer  with  water, 
introiluce  the  quantity  reiiuirwl  through  the 
hollow  in  the  Bto|i|H.T,  then  remove  the 
latter,  and  collect  the  water  in  a  light  tla.ik 
from  the  bottimi  of  the  ta|)-sockct. 

In  the  same  [wper  {J.  V.  S.,  May,  1879), 
Thomas    pointed    out    that    it  "was   not 


568 


VOLUMETBIC  ANALYSIS. 


§107, 


^69^ntial  to  add  excess '  of  either  oxygea  or  hydrogen  for  the 
purpose  of  modifying  the  force  of  the  explosion  when  com- 
bustible gases  were  under  analysis,  and  it  is  necessary  to  take 
advantage  of  this  when  working  with  so  short  an  eudiometer. 
The  method  is,  however,  applicable  to  all  gas  apparatus  having 
a  reasonable  length  of  barometer  column  above  the  eudiometer; 
in  fact,  the  exploding  pressures  were  first  worked  out  and 
employed  in  an  apparatus  on  McLeod's  model.  When  the 
percentage  of  oxygen  in  a  sample  of  air  has  to  be  determined  by 
explosion,  only  one-half  its  volume  of  hydrogen  is  required,  and  the 
pressure  need  not  be  reduced  below  400  m.m.  If  much  more  thaa 
one-half  volume  of  hydrogen  ha?  been  added  by  accident,  explode 
under  atmospheric  pressure.  When  the  excess  of  oxygen  used  in  an 
analysis  has  to  be  determined,  add  2*5  times  its  volume  of  hydrogen, 
and  reduce  the  pressure  to  180  m.m.  of  mercury  before  exploding. 
After  adding  the  hydrogen  and  the  reading  has  been  taken,  the  gas  is 
expanded  by  lowering  the  mercurial  reservoir  until  a  column  of 
mercury,  measuring  the  number  of  m.m/s  in  length  just  referred  to 
and  in  the  following  table,  stands  above  the  meniscus  of  the  mercury 
in  the  eudiometer.  This  column  can  be  read  off  quite  near  enough  by 
the  eye,  as  there  is  no  risk  of  breaking  the  apparatus  by  the  force  of 
the  explosion  if  the  pressure  is  20  m.m.  greater  than  that  given; 
but  if  the  gas  under  analysis  is  all  combustible,  it  is  better  to 
explode  at  a  slightly  less  pressure  than  to  exceed  tliat  recommended. 


Name  of  Qas. 


0-5 


is  a 


^5 

IP 

o 


Hydrogen  .  .  .  , 
Carbonic  Oxide 

Marsh  Gas  .... 
Acetylene  .  .  .  - 
Oleliant  Oas  -  -  -  . 
Methyl  and  Hydride  of  Ethyl  - 

Propyl 

Hvdride  of  rro2)yl  - 

Butyl 

Ethyl  and  Hydride  of  Butyl    - 


1 

1 

2-5 

3 

3-5 

4 

5 

5-5 

6 

7 


200  m.m. 
200  m.m. 
170  m.m. 
150  m.m. 
145  m.m. 
140  m.m. 
135  m.m. 
130  m.m. 
125  m.m. 
120  m.m. 


It  follows,  naturally,  that  the  exploding  pressure  will  depend  upon 
the  proportion  of  combustible  gas  introduced ;  and  experience  alone 
can  enable  one  to  determine  with  any  degree  of  exactness  what  that 
])ressure  must  be,  as  no  genei-al  law  can  be  laid  down.  For  instance, 
if  more  tlian  three  volumes  of  hydrogen  were  added  to  one  of  oxygen, 
the  explodin«»  pressure  should  exceed  200  m.m. ;  ami  if  much  nitrogen 
or  other  gas  were  i)rosent  that  did  not  take  a  part  in  the  reaction,  the 
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pressure  should  be  still  more  increased.     As  a  consequence,  the  same 
experience  is  necessary  when  dealing  with  explosive  gases  by  the  other 
method,  because  the  addition  of  too  much  inert  gas,  with  a  view  to 
modify  the  force  of  the  explosion,  may  lead  to  imperfect  combustion, 
inasmuch  as  the  cooling  effect  of  the  tube  and  gas  can  reduce  the 
temperature    below   that    required.       In    all    instances,   when    the 
approximate  composition  of  the  gas  is  known,  it  is  not  difficult  to 
determine  the  quantity  of  oxygen  or  hydrogen,  as  the  case  may  be, 
which  is  required  for  explosion,  or  the  pressure  under  which  the  gas 
should  be  exploded.     In  order  to  do  this  systematically,  it  is  always 
well  to  remember  certain  points  observed  during  the  stages  of  the 
analysis.     The  gas  in  the  laboratory  vessel,  before  being  transferred  to 
the  eudiometer,  occupies  a  certain  volume  in  a  position  between  (or 
otherwise)  the  calibration  divisions.     After  transferring  and  reading 
off,  bear  in  mind  the  number  of  m.m.'s  whicli  the  volume  represents ; 
and  calculate,  as  the  gas  is  being  re-transferred  to  the  laboratory 
vessel  to  be  mixed  with  tliat  employed  in  the  explosion,  the  heiglit  at 
which   the    mercury    should    stand    in    the    barometer    tube  when 
measuring  the  mixed  gases,  and  how  much  of  the  laboratory  vessel 
was  occupied   on  a  previous  occasion  when  a  similar  reading  was 
obtained.     If  this  is  done,  one  can  realize^t  once,  after  reading  off  the 
volume  of  the  mixed  gases,  tlie  proportion  of  combustible  gas  added, 
and  the  pressure  imder  which  the  gas  has  been  measured.     Another 
glance  at  the  volume  which  the  gas  occupies  in  the  eudiometer,  with 
a  comparison   of  the   pressure   recorded   upon   tlie  Imrometer  tube, 
enables  one,  after  a  little  practice,  to  at  once  expand  the  mixture  to 
the  iwint  at  which  it  will  explode  with  satisfactory  results.     It  is  not 
expedient  to  place  too  much  reliance  upon  the  marks  showing  equal 
volumes  upon   the   lalx)ratory  vessel,  especially  when  dealing  with 
small  quantities  of  gas  ;  and  a  comparison  of  the  volumes  obtained  in 
reading  Iwjfore  and  after  the  addition  of  oxygen  or  hydrogen  is  always 
prudent,  in  order  to  see  that  sufficient  gas  has  ])een  added,  as  well  as 
to  enable  one  to  judge  the  pressure  under  which  the  gas  should  be 
exploded. 

NoTK. -Meyer  and  Seubert  (Z.  i.  C.  zzir.  414)  hare  deai^nei  a  ffOM  apparatus  aimllar 
in  nmnr  respects  to  thai  of  Mc  Lood  anl  Thtmas,  but  of  simpler  con  itruotion,  and 
espedaUj  adjipled  for  ezplojiou«  under  diminished  pressure. 

SODEAU'SIGAS  'AFFABATUS. 

This  form  of  instrument  is  shown  in  fig.  104,  and  is  described  in 
a  i)aper  read  by  W.  H.  Sodeau  before  the  Newcastle  Section  of  the 
Society  of  Chemical  Industry,  and  is  printed  in  full  in  the  journal  of 
that  Society  (xxii.  187).  It  is  an  improved  form  of  an  instrument 
previously  devised  ])y  Macfarlane  and  Caldwell,  and  in  its  present 
state  is  adapted  for  gas  analysis  of  the  highest  accuracy.  *  In  addition 
to  this,  its  cost  is  much  less  than  most  of  those  which  have  been 
previously  described. 

Description  of  the  Apparatus. — The  measuring  parts  are  fitted 
into  a  glass  water  jacket,  which  is  held  in  position  liy  means  of  a  cork 

*  Brady  and  Martin  of  Newcastle-on-Tyne  are  the  orig^inol  m^ers. 
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at  A  and  a  hand-clip  at  B.  The  measuring  tube  M  is  of  [60  c.c 
capacity  graduated  in  -^'^  c.c.  Its  upper  end  tcrminatee  in  a  capillary 
tx^ing  a  three-way  stop-cock,  "When  examining  samples  which 
leave  a  large  residue  after  absorption,  etc.,  it  is  convenient  to  replace 
the  usual  tube  of  uniform  diameter  by  one  having  a  bulb  at  its  upper 


end.  Tlic zero- point  ia  at  the  outer  "idc  of  the  threi  na^  stop-cook  N, 
whicli  is  placed  horizon  tally.  The  bent  tiilie  U,  partlj  Med  with 
vater,  can  be  connected  with  the  capiUarj  K.  through  the  stop-atock. 
The  level  tul>e  L  is  straight,  with  stop-cotk  at  top  and  communicates 
with  the  measuring  tube  by  a  branch  so  bent  as  to  jwuvent  any 
bubbles  rising  from  lielow  from  passing  into  the  measuring  tube.  The 
lower  end  is  connected  to  a  T  piece,  one  end  of  wliich  has  a  stop-cock 
antl  leails  to  the  mercury  reservoir,  oud  the  other  is  prolonged  across 
the  table  to  a  point  near  the  reading  telet^cope,  where  it  temiinates  in 
a  thick  piece  of  rub1>cr  ttibing  compressed  hy  a  screw  clip  liaving 
a  broud  bearing  sui'face.  Tliis  is  used  as  a  fine  adjustment  when 
levelling  the  nierciu'y.     The  graduations  arc  on  the  side  next  tlie 
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telescope,  and  the  stop-cocks  are  worked  from  the  opposite  side.  This 
arrangement  renders  it  possible  to  have  the  reading  telescope  on  the 
gas  analysis  table  instead  of  on  a  separate  support,  and  so  adds  to  the 
compactness  and  convenience  of  the  apjmratus.  The  graduations  can 
\ye  illuminated  by  an  electric  lamp  behind  a  ground  glass  screen, 
liaving  its  upper  portions  rendered  opaque  in  order  to  prevent 
troublesome  reflection  of  light  from  the  surface  of  the  mercury. 

Correction  for  variation  of  temperature  and  pressure  is  simplified  by 
the  use  of  the  "  Kew  principle  "  correction  tube  C.  This  consists  of  a 
cylindrical  Imlb  provided  with  a  stopcock  and  attached  to  a  U  tube 
graduated  on  tlie  narrow  limb  and  {mrtially  filled  with  water.  The 
volume  of  air  contained  in  the  bulb  is  such  that  the  water  is  displaced 
to  the  extent  of  one  small  division  by  a  change  of  temperature  and 
atmosplieric  j)ressure  which  will  cause  a  gas  to  experience  an  alteration 
of  volume  amounting  to  01  per  cent.*  The  scale  is  observed  by 
means  of  a  mounted  lens  and  the  small  divisions  are  further  sub- 
divided into  tentlis  by  eye  estimation.  The  water  is  brought 
approximately  to  the  zero  mark  at  the  beginning  of  an  analysis  by 
momentarily  opening  the  stop-cock,  and  the  corrections  are  read 
directly  in  jKirccntages  as  easily  as  the  temperatures  would  be  read  by 
means  of  a  thermometer. 

Method  of  Phocedurk  :  Introduce  the  gas  into  the  measuring?  tube  M  by 
lowering  the  reservoir.  Roughly  level  the  mercur}'  and  turn  the  ptopcock  N  so 
as  to  connect  K  with  the  tube  U.  Place  the  al)8or]»tion  pipette  in  position  and 
connect  it  to  the  measuring  apparatus  by  ihick  walled  rubber  tubing,  the  glass 
ends  heing  made  to  meet. 

Suck  a  little  water  from  U  into  F,  and  allow  mercury  to  nin  back  and  fill  the 
capillaries. 

Let  the  capacity  of  the  bulb,  together  with  that  of  the  portion  of  the  tube 
which  is  above  the  zero  point  =  X  c.c ,  and  assume  the  atmospheric  pressure  to  be 
760  m.m.  Then  if  a  change  which  would  lead  to  a  1  i)er  cent,  increase  of 
volume  is  to  give  Oo  c.c.  displacement  of  water,  and  this  results  in  a  disturbance 
of  level  amounting  to  N  m.m.,  it  follows  that 

101  X  =  (X  +  0-5)fi  +  -^^—)  .  X  =  ''-'^^^ 
^  ^\^  ^  760x13-5/ ••         205-2 -2N 

No  appreciable  error  is  likely  to  be  introduced  by  the  atmospheric  pressure 
markedly  devuiling  from  the  valve  assumed  in  this  calculation. 

If  the  intenial  diameters  of  the  two  limbs  of  the  U  tube  are  di  m.m.  and 
dj  m.m.  resi>ectively,  then 

636-6     636-6  SOdf  dg'  +  3-1  W  +  d/) 

^""  di-*    ■*"   dj3    *"^-^'"    di^dj-'-e^Cdi^  +  d./) 

Example.— If  d,  =  6-0  m.m.  and  d2  =  15-5  m.m.,  then  N  =  13-35 +  265  =  160 
and  X  =  59-4  c  r. 

Next  close  the  stop-cock  leading  to  the  large  mercury  reservoir,  make  sure 
that  the  level  tul)e  is  in  free  comoiunication  with  the  atmosphere,  and  level 
accurately  by  means  of  the  screw  clip  wliich  acts  as  a  fine  adjustment  and  which 

♦  The  Ab8ori>ti*>n  Pipette  differs  from  that  of  Macfarlane  ond  Caldwell  in  two 
important  jtoints.  First,  the  lower  hulb  E,  of  about  80  c.c.  capacity,  is  inclined  go  that 
the  unabsorlied  ^vm  may  leadily  be  returned  to  the  measuring  vessel  without  tiltinK  the 
whole  apparatus.  Second,  the  connection  in  made  by  means  of  a  three-way  stop-cock  so 
that  the  cai)illarv  O  may  be  conneoteil  either  with  E  containin^-  the  ab8orl)ent  over 
mercu-y  or  with  1^  c<»ntaininK  clean  mercury.  The  ends  of  the  capillaries  O  and  K  must  be 
free  from  api>reciable  unevenuesa.  It  is  important  that  the  liore  of  these  tubes  should 
neither  exceed  1-5  m.m.  nor  be  less  than  1  m.m.,  and  their  external  dinneter  should  be 
about  6  m.m. 
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Bhould  be  alongside  the  reading  telescope.    Finally,  read  the  oorreotion  tube.     It 
is  convenletit  to  enter  the  readings  thus : — 

Correction.  Beading.  Corrected  Beading. 

+  004  per  cent.  49d7  c.c.  49*99  cc. 

The  gas  is  next  sent  over  into  the  absorption  pipette,  followed  by  sufficient 
mercury  to  clear  the  capillaries,  and  the  pipette  shaken  with  the  stop-cock  closed* 
until  absorption  is  complete.  Run  over  a  little  more  mercury  in  order  to  clear 
absorbent  from  the  capillary  between  E  and  H.  Send  the  soiled  mercury  in  the 
capillaries  into  U.  \Vhen  the  gas  reaches  N  turn  the  stopcock  and  run  it  into 
the  measuring  tube,  controlling  the  rate  by  H.  The  absorbent  is  readily  stopped 
when  it  reaches  H  and  the  capillary  is  cleared  of  gas  by  means  of  clean  mercury 
from  F,  this  being  stopped  as  soon  as  it  reaches  N.  It  is  advisable  to  turn  the 
stopcock  N  so  as  to  place  K  in  communication  with  U  whilst  removing  a  pipette. 
By  means  of  a  retort  stand  a  small  evaporating  basin  may  be  supported  about 
2  inches  below  G  in  order  to  catch  drops  of  mercury. 

If,  as  in  the  estimation  of  carbon  monoxide,  it  is  necessary  to  subject  the  gas 
to  more  than  one  treatment  with  an  absorbent,  the  first  pipette  is  brought  into 
direct  connection  with  the  second  and  ihe  gas  transferred.  With  fuming 
sulphuric  acid  as  an  absorbent,  no  mercury  is  used  in  E,  a  U  tube  with  pumice 
and  strong  sulphuric  acid  is  attached  to  D  to  prevent  access  of  moisture,  and  the 
mercury  from  the  capillaries  is  driven  into  F.  The  explosion  pipette  is  similar 
to  Dittmar's,  but  with  the  special  stop-cock  and  mercury  bulb  as  in  the 
absorption  pipettes. 

The  phosphorus  pipette  consists  of  an  ordinary  Orsat*s  phosphorus  pipette 
fitted  with  a  horizontal  stop-cock  and  fixed  in  a  tin  water  vessel  iitith  aperture  for 
thermometer.  " 

The  advantages  of  the  apparatus  as  compared  with  that  of 
Macfarlane  and  Caldwell's  are— - 

An  accurate  correction  tube,  which  really  saves  time  and  trouble. 

A  means  of  accurately  adjusting  the  level  of  the  mercury  without  taking 

one's  eye  from  the  reading  telescope. 
Greater  cleanliness  of  the  mercury  in  the  measuring  tube  towards  the  end  of 

an  anal^'sis. 
The  possibility  of  washing  out  the  measuring  tube,  in  case  of  accident,  at 

any  stage  whilst  the  j?as  is  in  one  of  the  pipettes. 
Direct  transference  from  pipette  to  pipette  when  desired. 
The  measuring  tube  constant  in  position. 

A  good  illumination  for  reading  always  obtainable  without  trouble. 
Explosion  in  a  separate  pipette. 

Advantages,  as  compared  with  the  Dittmar  or  similar  apparatus — 

Transference  direct  from  measuring  tube  to  pipette,  instead  of  to  and  from 

an  intermediate  tube. 
Esuiier  manipulation  and  greater  cleanliness,  especially  as  regards  the  fata 

introduction  of  absorbent  into  the  measuring  tube. 
Pipettes  giving  more  surface  and  better  agitation. 
A  considerable  reduction  in  the  amount  of  mercury  required. 

KEISER'S    PORTABLE    GAS    APPARATUS. 

This  apparatus  is  based  on  the  principle  of  determining  the  volume 
of  a  gas  from  the  weight  of  mercury  wliich  it  may  be  made  to  displace 
at  a  known  temperature  and  pressure.  It  dispenses  entirely  with  the 
long  graduated  tubes  and  other  vessels  common  to  the  apparatus 
previously  described,  without  any  sacrifice  of  accuracy. 
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Tlie  following  Jeecription  occurs  in  the  Amer.  Ckem.  Joiim.,  1886 
(but  ie  reproduced  here  from  The  A»alj/ft  li.  106) : — 

FiK-  105  shows  the  coiiatruction  of  t)ie  lueosuring  Bjijiamtua  and  the 
Absorption  pipette.  A  is  the  measuring  apparatus,  B  is  the  absorption 
pipette ;  a  and  b  are  glass  bulbs  of  about  160  c.c.  capacity.  They  are 
connected  at  tlie  bottom  by  a  ^lass  tul)e  of  1  iii.m.  bore,  carrying  the 
three-way  atop-cock  d.  The  construction  of  the  key  of  the  stop-cock 
is  shown  in  the  margin.  One  hole  is  drilled  straight  through  the  key, 
and  by  means  of  this  the  vessels  a  and  h  may  be  made  to  communicate. 
Another  opening  ia  <)riUcil  at  right-anglea  to  the  first,  which  com- 
municates with  an  opening  extemling  tliroiigh  the  liandle,  but  docs  not 
commuhicat«  with  tlie  first  opening.  By  means  of  this,  mercury 
contained  in  eitlicr  a  or  b  may  l>e  allowed  to  flow  out  through  the 
Itandk'  •(  into  a  cnp  placeil  beneath.  The  bulb  b  is  contracted  at  llie 
top  to  an  opening  20  m.ni.  in  diamet«r.  This  is  closed  by  a  rubber 
stopper  carrying  a  bent  glass  tube,  to  which  ia  attached  the  nibber 
pump  e.  To  a  second  glass  tube  iiassiu^  through  the  stopjier,  a  short 
piece  of  niblier  tubing  with  a  pineh-cock  is  attaclieil.  By  means  of 
the  pump  e  air  may  l)e  forced  into  or  withdrawn  from  h,  as  one  or  the 
other  end  of  the  pump  is  attached  to  tlie  glass  tulic.  Tlie  bulb  a 
tenninates  at  the  top  in  a  narrow  glass  tulie,  to  which  is  fused  tlie 
tlirce-way  stop-cock  e. 
The  construction  of  the 
key  of  this  stop-cock  is 
also  shown  in  the  cut. 
By  means  of  it  the  vessel 
a  may  be  allowed  to 
communicate  with  the 
outside  'air,  or  with  the 
tube  passing  to  the 
a1)sorption  pipette,  or 
with  the  pavige  ff.  The 
gauge  (/  is  a  glass  tube 
having  a  Ixire  1  m.m.  in 
diameter  and  bent,  as 
shown  in  the  figure.  By 
(xiuring  a  few  drops  of 
water  into  the  open  end 
of  this  tube  a  column  of 
water  sevei&l  centimeters 
high  in  both  limbs  of  the  tube  ia  obtained.  This  serves  as  a 
manometer,  and  enables  the  operator  to  know  when  the  pressure  of 
the  gas  equals  the  atmospheric  pressure.  To  secure  a  uniform 
t«mperaturc,  the  bulbs  a  and  b  are  surrounded  by  water  contained  in 
a  glass  vessel.  This  vessel  for  holding  water  is  merely  an  inverted 
bottle  of  clear  glass  from  which  the  bottom  has  been  removed.  The 
handle  of  the  Btoi>«ock  d  passes  through  a  rubber  stopper  in  the  neck 
of  the  bottle,  A  thermometer  graduated  to  \°  is  placed  in  the  water 
near  the  bulb  a.  The  whole  apparatus  is  supported  upon  a  vertical 
wooden  stand. 


Fig.  105. 
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The  absorption  pipette  B  consists  of  two  nearly  spherical  glass 
bulbs  of  about  300  c.c.  capacity.  They  communicate  at  the  bottom 
by  means  of  a  glass  tube,  3  m.m.  inside  diameter,  c '  is  a  two-way 
stop-cock.  The  holes  in  the  key  are  drilled  at  right-angles,  so  that  the 
tube  which  connects  with  the  measuring  apparatus  may  be  put  in  com- 
munication either  with  the  funnel  or  with  the  absorption  bulb.  The 
funnel  is  of  service  in  removing  air  from  the  tube  which  connects  the 
measuring  apparatus  with  the  absorption  pipette.  By  pouring  mercury 
or  water  into  the  funnel  and  turning  the  stop-cocks  c '  and  c  in  the 
proper  directions  all  the  air  is  readily  removed.  /  is  a  rubber  pump 
used  in  transferring  gas  from  B  to  A.  The  lower  part  of  the  pipette 
contains  mercury,  which  protects  the  reagent  from  the  action 
of  the  air. 

To  measure  the  volume  of  a  gas,  the  vessel  a  is  filled  completely 
with  pure  mercury.  This  is  easily  accomplished  by  pouring  the 
mercury  into  6,  and  then,  after  turning  c  until  a  communicates  with 
the  outside  air,  forcing  it  into  a  by  means  of  the  pump  e.  Any 
excess  of  mercury  in  5  is  then  allowed  to  flow  out  through  the  stop- 
cock d,  Wlien  a  and  h  are  now  placed  into  communication  the 
mercury  will  flow  from  a  to  h,  and  gas  will  be  drawn  in  through  the 
stop-cock  c.  The  volume  of  mercury  which  flows  into  h  is  equal  to 
the  volume  of  gas  drawn  into  a.  When  the  mercury  no  longer  rises 
in  by  and  it  is  desired  to  draw  in  still  more  gas  into  c/,  then  it  is  only 
necessary  to  exhaust  the  air  in  h  by  means  of  the  pump  e.  After  the 
desired  quantity  of  gas  has  been  drawn  into  a  the  stop-cock  c  is 
closed.  After  standing  a  few  minutes  the  temperature  of  the  gas 
Ijecomes  the  same  as  that  of  the  water  surroimding  a.  The  pressure 
of  the  gas  is  then  made  apjiroximately  equal  to  atmospheric  pressure 
by  allowing  the  mercury  to  flow  out  of  h  into  a  weighed  beaker  placed 
beneath  the  stojvcock  d  until  it  stands  at  nearly  the  same  level  in 
both  a  and  h.  Comnmnication  is  now  established  between  a  and  g, 
and  by  means  of  the  pump  e  the  pressure  can  be  adjusted  with  the 
utmost  delicacy  until  it  is  exactly  equal  to  atmospheric  pressure.  The 
stop-cock  d  is  then  closed,  and  the  remainder  of  the  mercury  in  ft  is 
allowed  to  flow  out  into  the  beaker.  The  weight  of  the  mercury 
displaced  by  the  gas  divided  by  the  specific  gravity  of  mercury 
at  the  observed  temperature  gives  the  volume  of  the  gas  in  cubic 
centimeters. 

If  it  is  desired  to  remove  any  constituent  of  the  gas  by  absorption, 
a  ])ipette  B,  containing  tlie  appropriate  reagent,  is  attached  to  the 
measuring  apparatus.  All  the  air  in  the  connecting  tube  is  expelled 
by  pouring  mercury  into  the  funnel  and  turning  the  stop-cocks  c'  and 
c  so  that  the  mercury  flows  out  through  c,  A  little  more  than  enough 
mercury  to  expel  the  gas  in  the  vessel  a  is  poured  into  h.  The  small 
quantity  of  air  which  is  confined  in  the  tube  connecting  h  with  the 
stoj>cock  is  removed  by  allowing  a  few  drops  of  mercury  to  run  out 
through  b.  Then  a  and  b  are  placed  in  communication.  The  stop- 
cocks c'  and  c  are  turned  so  that  the  gas  may  pass  into  the  pipette, 
the  mercury  which  filled  the  connecting  tube  passes  into  the  absorbing 
reagent  and  unites  with  that  which  is  already  at  the  bottom  of  the 
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pipette.  The  transfer  is  facilitated  by  the  pump  e.  After  absorption 
the  residual  volume  is  measured  in  the  same  way  that  the  original 
volume  was  measured,  a  is  completely  filled  with  mercury  from  the 
upper  to  the  lower  stop-cock,  and  all  the  mercury  in  b  is  allowed  to 
run  out ;  the  gas  is  then  drawn  back  into  the  measuring  apparatus, 
the  last  portion  remaining  in  the  connecting  tube  being  displaced 
by  means  of  mercury  from  the  funnel.  The  volume  is  then 
determined  as  before. 

The  calculation  of  the  results  of  an  analysis  is  very  simple.  If 
the  temperature  and  pressure  remain  the  same  during  an  analysis,  as 
is  frequently  the  case,  then  the  weights  of  mercury  obtained  are  in 
direct  proj)ortion  to  tlic  gas  volumes,  and  the  peccentage  composition 
is  at  once  obtained  by  a  simple  proportion. 

If  the  temperature  and  pressure  are  different  when  the  measure- 
ments are  made,  it  is  necessary  to  reduce  the  volumes  to  0°  and 
760  m.m.     The  following  formula  is  then  used  : — 

2>(i +000367  x^)  760' 
in  which 

W  =  weiglit  of  mercury  obtained  (in  grams), 
D  =  sjwcific  gravity  of  mercury  at  f*, 
t  ^  temperature  at  which  the  gas  is  measured, 
H  =  height  of  the  barometer, 
h  =  tension  of  aqueous  vapour, 
F'  =  reduced  gas  volume  (in  cubic  centimeters). 
In   all   the   measurements   made   with  the   apparatus   the   gas  is 
fiaiurated  with  aqueous  vapour,  because  it  comes  in  contact  with  the 
water  in  the  manometer  r/. 

The  following  experiments  were  made  to  test  the  accuracy  of  the 
instrument.  A  (juantity  of  air  was  drawn  into  the  measuring  bulb 
and  its  volume  determined.  The  air  was  then  transferred  to  an 
absorption  pipette  wliicli  contained  only  mercury  and  no  reagent. 
It  was  then  brought  back  again  into  the  measuring  a2)paratu8  and  its 
volume  redetermined.     The  following  results  were  obtained  : — 

I. 

Yolomo  at  0^—760  m.m. 
Volume  of  air  taken  ...  ...  ...  67*568  c.c. 

„       after  first  transfer    ...  ...  ...  67*667 

„  „    second  transfer  ...  ...  57*570 

11. 

At  0"— 780  m.m. 
Volume  taken         ...  ...  ...  ...  93'216  c.c. 

„       after  transferring     ...  ...  ...  93*229 

III. 

At  0«*— 7fl0  m.m. 
Volume  taken  ...  ...  ...  ...  133'473  c.c. 

„       after  transferring     ...  ...  ...  133*490 

IV. 

At  0"— 7e0  m.m. 
Volume  taken         ...  ...  ...  ...  92*275  c.c. 

„       after  transferring     ...  ...  ...  92*260 
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V. 


Volume  taken 

„       after  transferring     ... 


VI. 


Volume  taken 

„       after  first  transfer    ... 


»* 


„    second  transfer 


AtO<>-760m.lku 
109*025  C.C. 
109-020 


At  0*— 7W  m.in. 
103*970  O.C. 
103*956 
103*980 


The  apparatus  was  also  tested  by  making  analyses  of  atmosplieric 
air.  It  has  been  shown  both  by  Winkler  and  Hempel  that  the 
composition  of  the  air  varies  from  day  to  day.  This  variation  is 
sometimes  as  much  as  0*5  per  cent.  The  causes  which  produce 
these  fluctuations  in  the  composition  of  the  atmosphere  are  at 
present  but  imperfectly  understood.  It  is  therefore  desirable  to  have 
some  simple  instrument  by  means  of  which  the  composition  of  the  air 
may  be  determined  rapidly  and  yet  with  great  accuracy. 

The  following  analyses  show  that  the  apparatus  here  described  is 
well  adapted  to  this  purpose.  The  reagent  used  to  absorb  the  oxygen 
and  carbon  dioxide  was  an  alkaline  solution  of  pyrogallol,  prepared  by 
mixing  one  volume  of  a  25  per  cent,  solution  of  pyrogallol  with  six 
volumes  of  a  60  per  cent,  solution  of  potassium  hydrate. 

Analysis   of  Air   taken  from   the  Laboratory, 

I. 


Air  taken 

Vol.  of  nitrogen 

W 

1738-53 

1377-62 

1376-40 

Per  cent. 

H 

743-37 

743-37 

743-55 

of  0  and  COj 

t 
15-8 
15-8 
15-75 
,  20-765. 

V 

116-435  < 

92-264 

92  255 

Per  cent. 

0  +  COj. 

B.C.      ... 
20*760 
20*771 

Vol.  of  air 
„        nitrogen 

W 

170801 
135604 

II. 

H 

74808 
747-33 

t 
15-0 
15-2 

V 
115-546 
91-564 

[Per  cent. 
O  +  COj. 
c.c.     ... 
20*755 

Per  cent,  of  O  and  CO2  found,  20755. 

The  following  analyses  were  made  with  a  sample  of  atmospheric  air  collected 
on  a  subsequent  day. 

I. 


Per  cent. 

W 

H 

t 

V 

0  +  COj. 

Vol.  of  air 

1704-81 

754-92 

12-2 

117-814 

c.c. 

„        nitrogen 

1348-33 

754-78 

12-08 

93  216 

20*877 

?)            )) 

1344-71 

755-92 

11-7 

93-229 

20-868 

Per  cent;  of  0  and  CO 

■WW 

2,  20-872. 

11. 

Per  cent. 

w 

H 

t 

V 

0  +  COj. 

Vol.  of  air 

1669-39 

756-30 

10-15 

116-584  ( 

c.c.     ... 

„        nitrogen 

1323-24 

755-49 

10*(5 

92-260 

20863 

>V                            It 

1322-38 

755-30 

10-00 

92252 

20-870 

Per  cent,  of  O  and  COj,  20866. 

The  apparatus  described  in  the  preoediug  pages  was 
most  excellent  manner,  by  Mr.  Emil  Griener,  79  Nassau 


made  for  the  author  in 
Street,  New  York. 
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SIHFLEB   METHODS  OF  OAS  AHALTSIS. 

§  lOK.  Ai.i.  tlic  sets  of  apparatus  previuusly  described  are  adapted 
ti>  sevurc  thi-  ^-atest  aniouiit  uf  accuracy,  regardless  of  sj>eed  or  the 
time  oe^upiiij  in  carrying  out  tlie  various  intricate  processes  involved. 

For  industrial  and  teclinical  purposes  tlie  ileniand  for  something 
requiring  less  time  and  care,  even  at  the  sacrifice  of  some  accuracy,  has 
been  met  Iiy  a  large  nuiulxtr  of  desipis  for  apjaratus  of  a  Bimpler  class, 
among  which  may  be  menti.Mied  those  of  Orsat,  Bunte,  Winkel, 
Hempel,  Stead,  Lunge,  etc.  Many  of  these  are  arranged  to  suit 
the  convenience  of  special  industries,  anil  will  not  be  described  here. 

The  most  useful  apiiaratus  fur 


j—x. . 


general  purposes  is  citlier  tliat  of 
HempelurLunge,  )>othofwliich 
will  Ije  shortly  descril>e(t.  Fuller 
details  as  to  these  and  other 
sjieciat  kiuils  of  apparatus  are 
coutaine<l  in  Winkler's  HiituI- 
book  of  Technirai  Oan  Atutly^t, 
translated  liy  Lunge.* 

The  general  principles  u]ion 
which  these  various  sets  of 
apparatus  are  liased,  and  the 
calculation  of  results,  are  the 
same  as  have  been  deserilMsd  in 
[>rece<ling  j>^e8 ;  and  of  course 
due  rcgani  must  be  had  to 
tolerable  equality  of  temperature 
and  pressure,  anit  the  ellectB  of 
cold  or  warm  draughts  of  air  u{>on 
the  ap|>aratus  whilst  the  manipu- 
lations aru  carriis.1  on.  If  tlie 
o[>erator  is  not  already  familiar 
with  methods  of  gas  analysis,  a  study  of  the  foregoing  s( 
great  assistance  in  nmnii>ulating  the  apparatus  now  to  be  described, 

Orsat—Lunge  Gaa  Apparatus. — Fig.  106  shows  the  outline  of 
this  instniment.     The  ni(«lifi cation  of  the  original  Orsat  instrument, 

hy  Lunge,  is  a  contriviintc  fnr  l>urning  hydrogen  and  other  gases  by 
heated  jialiadium  ashesUis.  It  is  so  well  known  and  so  constant  in 
use  that  no  detailed  description  is  needed  here,  but  another  form  of 
the  apparatus  lias  been  devised  1>y  W.  II.  Sodeau,  which  is  intended 
for  the  estimation  of  unlmrnt  jirodncts  in  chimney  gases,  and  is  shown 
hy  tig.  107,  and  the  description  (C.  N.  Ixxnix.  61)  is  as  follows  ;— 

111  enp.^rimi'nliil  work  on  thu  ewnuiuic  api.li cation  of  fnel,  it  in  verj;  desirable 
to  know,  Bhilrt  n  Irinl  in  actually  proceeding,  not  only  wlist  eicw*  ot  air  is  being 
employed,  but  aim  the  amount  of  unbumt  ga«».+  Combining'  tliew  data  with 
the  indiratioiiB  of  a  thermoinnclion  plflc*d  at  Ibc  base  of  the  funnel,  one  can 


Fig.  loe. 
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follow  throughout  the  trial  the  total  amount  of  heat  (potential  as  well  as  actual) 
which  is  passing  up  the  chinmey.  With  a  given  boiler,  for  example,  if  one  takes 
care  of  the  exit  gases,  the  evaporation  will  practically  take  care  of  itself.  The 
fuel  employed  represents  a  certain  total  amount  of  heat,  and  the  loss  by  radiation 
from  the  boiler  will  be  practically  uniform ;  hence  the  evaporation  per  pound  of 
fuel  may  be  gauged  by  what  remains  after  deducting  the  various  losses  from  the 
calorific  value  of  the  fuel,  or,  in  other  words,  by  working  up  the  chimney  gas 
results  as  in  a  "  heat  balance  sheet." 

This  method  of  checking  the  evaporative  efficiency  is  especially  advantageous 
in  short  experimental  runs,  as  feed  water  is  not  always  read  with  much  accuracy, 
and  all  that  passes  through  the  nuiin  stop  valve  may  not  actually  be  steam. 

The  actual  analytical  problem  may  be  reduced  to  the  rapid  determination  of 
carbon  dioxide,  carbon  monoxide,  and  hydrogen  (including  hydrocarbons  if 
present).  It  is,  however,  customary'  to  determine  the  oxygen  in  chimney  gases, 
whilst  the  estimation  of  hydrogen  is  usually  omitted.  The  desirability  of 
determining  the  amount  of  hydrogen  is  illustrated  by  the  table  below,  in  which  are 
given  a  few  analyses  of  the  products  of  incomplete  combustion  obtained  in  some 
experiments  with  a  1000  horse-power  water-tube  boiler  of  the  "  Express  "  type. 
with  Welsh  coal  the  loss  as  unbumt  hydrogen  usually  amounted  to  nearly  a 
third  of  the  loss  as  carbon  monoxide,  whilst  with  petroleum  the  proportion 
averaged  about  two-thirds.  This  difference  was  no  doubt  mainly  due  to  the 
larger  proportion  of  total  hydrogen  present  when  oil-fuel  was  employed. 

Exampleit  of  Incomplete  Combustion. 

Crude  Texas  oil  (steam 
Welsh  coal.  sprayed). 


/•  N 


Carbon  dioxide,  per  cent.    90      110      99      92  61      9*5      9*0      7*9 

Carbon  monoxide,per  cent.     215      2*8       1-65     1*3  2*1      I'S      I'O      0*6 

Hydrogen,  per  cent.       ...     0*65      0-55    047    0*4  12      I'O      06      0*4 

Pounds  air  per  pound  fuel  17*2       147     17*75  195  257     19*45  21*35  25*0 

Bxoess  air  per  cent,  above 

theoretical  .    550      323    600    757  84       39       53       79 

Evaporation     units*    per 
pound   of   fuel   lost   as 

combustible  gases        ...     234    2*26      171     1*51  3*65    205     1*46  1*06 

Air  being  practically  constant  in  composition  it  is  unnec&ssary  to  estimate  the 
oxygen  in  chimney  gases  if  the  approximate  composition  of  the  fuel  is  known, 
for  it  is  then  easy  to  work  out  simple  forraulaj  by  means  of  which  those  data 
which  are  of  practical  importance  may  be  calculated  with  fair  accuracy  from  the 
percentages  of  carbon  dioxide,  carbon  monoxide,  and  hydrogen  alone. 
Take,  for  example,  two  analyses  of  fuels : — 

Welsh  coal.  Texas  petroleum. 

Carbon       882  85*0 

Sulphur      077  1*34 

Hydrogen 26  12*0 

Ash,  ox3^gen,  &c 843  1*66 


1000  1000 

Theoretical  amount  of  air  for  1  pound  fuel        111  lbs.  1395  lbs. 

Using  COo,  CO,  and  Hg  to  respectively  denote  the  percentages  of  carbon 
dioxide,  carbon  monoxide,  and  hydrogen  in  the  chimney  gases,  the  following 
formuhe  may  be  obtained  by  calculation  from  the  equations  for  combustion :  — 

Welsh  coal.  Texas  petroleum. 

1.  Pounds  air  per  pound  of  fuel — 

204- CO  206 -CO 

CO2 + CO  ■*■  ^'^^  CO2 + CO  ■*"  ^'^ 

2.  Excess  air  per  cent,  above  theoretical — 

1837  -  9  CO  1476-7-4  CO 

"  CO2  +  CO    "^'^  CO2  +  CO     ~^^'^ 

•  An  "  evaporation  unit "  is  the  amount  of  heat  required  to  convert  one  pound  of  water 
at  100"  C.  into  steam  at  the  same  temperature. 
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3.     ETftporation  unite  loit  w  uabumt  (ebsm — 

W«liili  iKi*l.  T«iu  ])«trol<ium. 

These  Tormulw  irill.  ot  oourae,  apply  only  Ui  fuels  haTintir  the  composilioa 

S'veD  above.  For  ordinary  purmweB  the  leniu  includitig  CO  may  be  omitted 
mi  tbr  numeratom  ot  formufffi  (1)  and  (2).  Curves  can  then  be  plotted 
haTint;  CU^-f  CO  on  one  axis,  and  eitiier  "pounds  air  per  lb.  of  fuel  "or 
"  excew  air  per  cent.  aboTe  theoretical "  on  the  other,  no  that  the  meaning  of  an 
aoslyxis  can  be  seen  at  a  glance. 


Fig.   107. 

An  ordinary  Orsat'apparatua  affords  a  ready  means  of  estimating  the  carbon 
dioxide,  but  the  absorption  of  carbon  monoxide  bj'  metuu  of  tliat  somewhat 
objectionable  re-agent,  ciiproiw  chloride,  involves  the  previoun  removal  of  oxygen 
by  means  of  plioHphonu  or  alkaline  pyrogallol,  absorbents  whinh  act  exceedingly 
slowly  when  (too  cold.  This  method  taken  no  account  of  free  hydrogen  (or 
saturated  hj'drocarbons).  The  author  decided  to  discard  absorption  bv  uuproua 
chlorido  in  favour  of  a  cambu.ition  method,  and  not  flnding  the  capillary  com- 
bu«tivn  tube  of  palladinised  asbestos  (as  fitl^  in  theOrsat-Lunge  apparatus) 
quite  suitable  for  use  in   the  stokehold,   finally  adopted  an   Orsat  apparatus 

p  p2 
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modified  as  shown  in  the  accompanying  figure,  in  which  the  main  feature  is  an 
adaptation  of  the  "Winkler  combustion  pipette.* 

A  large  glass  stopcock,  s,  of  4  to  5  m.m.  clear  bore,  is  attached  to  the  base  of 
the  apparatus,  one  end  being  connected  to  the  measuring  tube  and  the  other  to 
the  reservoir  M  R.  The  pipette,  k,  is  of  the  ordinary  form,  and  contains  caustic 
potash  solution  (one  part  potash  to  two  of  water).  A  similar  pipette,  P,  con- 
taining phosphorus  or  alkaline  pyrogallol,  may  be  used  if  it  is  desired  to  estimate 
the  oxygen.  The  combustion  pipette,  c,may  be  made  from  the  commercial  form 
of  Winkler  pipette  by  simply  cutting  off  the  U-tube  and  sealing  on  a  straight 
piece  of  capillary  tube  of  suitable  length.  An  ordinary  Hem  pel  pipette  for 
solid  absorbents  may  be  altered  in  a  similar  manner,  the  neck  at  the  bottom  being 
closed  by  a  two-holed  rubber  stopper  through  which  passes  a  pair  of  unlacquered 
brass  electrodes  bridged  across  by  a  platinum  spiral  made  by  coiling  about  4  cm. 
of  platinum  wire  of  about  0'3  m.m.  diameter  around  a  needle  1*3  m.m.  thick. 

When  the  combustion  pipette  is  employed  with  mixtures  rich  in  combustible 
gases  the  coil  must  be  near  the  top  of  the  bulb  in  order  that  serious  explosions 
may  be  avoided,  but  for  the  analysis  of  any  ordinary  chimney  gases  the  coil  may 
be  placed  much  lower  in  order  to  reduce  the  heating  of  the  glass.  The  gas  may 
then  be  retunied  as  soon  as  the  current  is  cut  off,  without  utaiting  for  the  glass 
to  cool. 

A  fixed  bulbf  as  in  the  Hemp  el  (or  Or  sat)  pipette,  may  be  employed  to 
receive  the  displaced  water  unless  it  is  desired  to  carry  out  the  rapid  estimation 
of  carbon  monoxide  and  hydrogen  together,  as  described  below,  when  the  bulb,  c, 
should  be  connected  by  means  of  indiarubber  tubing  to  the  reservoir,  c  R,  con- 
sisting of  a  small  aspirator  bottle,  similar  to  that  connected  to  the  measuring 
tube.  When  in  use  the  spiral  is  raised  to  a  white  heat  by  means  of  a  two-cell 
accumulator,  the  current  being  conveniently  adjusted  to  the  right  strength  by 
passing  it  through  a  few  feet  of  the  tinned  iron  wire,  about  ■^'  diameter,  which 
is  commonly  sold  in  penny  skeins. 

In  order  to  eliminate  parallax  the  measuring  tube  is  read  by  means  of  a  lens 
mounted  in  conjunction  with  an  eye-cap,  and  sliding  on  a  brass  rod,  as  employed 
in  connection  with  the  "Kew  principle"  correction  tube  (J.  S.  C,  /.,  1903, 
xxii.  188,  189).  Before  each  reading  is  taken,  the  water  in  the  measuring  tube 
is  allowed  to  drain  down  for  one  minute,  as  indicated  by  the  sand-glass  used 
for  timing  the  absorptions  and  combustions. 

The  U-tube  filleid  with  gla.ss  wool  ordinarily  supplied  with  the  Orsat 
apparatus  being  somewhat  apt  to  clog  if  dense  black  smoke  is  produced,  it  is 
conveniently  replaced  by  a  simple  T  piece  having  a  small  plug  of  glass  wool  in 
the  limb  through  which  the  sample  enters  the  apparatus.  In  this  way  only  the 
actual  samples  are  filtered,  and  the  solid  particles  in  the  main  stream  pass  direct 
to  the  aspirator. 

Method  of  Procedure  :  The  measuring  off  of  the  sample  is  effected  in  the 
usual  manner,  except  that  it  is  convenient  to  close  s  instead  of  pinching  the 
india-rubber  tube  when  adjusting  the  water  to  the  zero  mark  prior  to  bringing 
the-  gas  to  atmospheric  pressure. 

Carbon  dioxide  is  estimated  by  sending  the  greater  part  of  the  gas  over  into  K 
and  back  again,  then  leaving  it  for  one  minute  to  complete  the  absorption,  and 
measuring  again  as  usual ;  the  decrease  gives  the  percentage  of  carbon  dioxide. 
The  current  is  next  switched  on,  and  the  gas  passed  over  into  the  combustion 
pipette,  c,  where  it  remains  for  one  minute,  being  then  returned  to  the  measuring 
tube  (after  switching  off  the  current),  and  the  contraction  noted. 

The  carbon  dioxide  produced  is  then  determined  by  a  one-minute  absorption 
in  the  potash  pipette,  K ;  the  decrease  gives  the  percentage  of  carbon  monoxide. 

As  carbon  monoxide  unites  with  half  its  volume  of  ox3'gen  to  form  its  own 
volume  of  carbon  dioxide,  it  follows  that  half  the  amount  of  the  carbon  monoxide 
found  must  be  deducted  from  the  contraction  during  combustion.  Two-thirds 
of  the  corrected  contraction  equals  the  percentage  of  h3'drogen. 

•  The  Winkler  pipette,  a  developinei.t  of  Coqw  ill  on' 8  "Grisoumeter,"  is  described 
and  fijfured  in  Winkler  und  Lnnge's  "Technical  Gas  Analysis,"  pp.  151-15i5. 

t  The  ordinary  Hempel  pipette  is  sometimes  supplied  with  a  bulb  too  small  to  contain 
the  water  displaced  by  the  heated  gas. 
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For  example,  if  the  contraction  on  combuntion  amounted  to  2'3  c.c.  and  the 
resulting  carbon  dioxide  to  1*6  c.c,  then  the  gas  contained  1*6  per  cent,  of  carbon 

monoxide  and  |  (23 )  =f  x  1-5  =  1*0  per  cent,  of  hydrogen.    It  should  be 

noted  that  the  only  absorbent  employed  is  one  which  is  reidily  obtained  and 
seldom  needs  renewing.  The  estimation  of  carbon  dioxide,  carbon  monoxide,  and 
hydrogen  by  the  above  method  can  be  completed  in  fifteen  minutes.  Any  traces 
of  hydrocarbons,  if  present,  will  of  course  appear  partly  as  carbon  monoxide  and 
partly  as  hydrogen  in  the  above  method  of  analysis.  Their  heat  value  will  not  be 
fully  represented,  but  this  is  an  unimportant  defect,  and  it  exists  more  markedly 
in  the  old  cuprous  chloride  method. 

It  may  ocx5a«<ionally  be  desirable  to  know  the  percentage  of  oxygen  originally 
present  in  the  gas.  This  may  be  found  by  finally  absorbing  with  phosphorus  or 
pyro  in  the  pipette  P,  and  adding  to  the  result  the  amount  of  oxygen  required  to 
burn  the  combustible  gases. 

Rapid  Joint  Estimation  of  Carbon  Monoxide  and  Hydrogen. — This 
may  be  carried  out  by  omitting  the  measurement  immediately  after  combustion, 
and  transferring  the  gas  direct  from  c  to  k  in  the  following  manner : — After  the 
carbon  dioxide  has  been  determined,  open  the  stoi)Cock  attached  to  c,  and  switch 
on  the  current,  raising  the  reservoir,  m  r,  so  as  to  drive  the  gas  into  c.  Close  s 
when  the  water  has  risen  to  the  top  of  the  measuring  tube,  and  about  one  minute 
later  switch  off  the  current  and  open  the  stop-cock  of  K,  raising  the  reservoir, 
c  R,  so  as  to  drive  the  gas  over  into  the  potash,  and  finally  closing  the  stop-cook 
of  c.  After  allowing  one  minute  for  absorption,  the  stop-cock,  s,  is  opened,  the 
residue  drawn  back  into  the  measuring  tube,  and  the  stop-cock  of  K  then  closed. 
Two- thirds  of  the  contraction  so  produc^jd  equals  the  percentage  of  "  combustible 
gases,"  i.e.,  carbon  monoxide  and  hydrogen,  in  the  sample. 

The  result  so  obtained  is  translated  into  *'  evaporation  units "  by  means  of  a 
formula  similar  to  3,  the  denominator  being  replaced  by  COj  +  (J  x  combustible 
gases)  in  the  case  of  Welsh  coal,  and  by  CO^  +  (|  x  combustible  gases)  when 
Texas  oil  is  employed.  The  amount  of  air  is  similarly  found  by  means  of 
formulae  or  curves. 

When  collecting  samples  of  chimney  gas  for  subsequent  analysis  the  sometimes 
troublesome  process  of  saturating  water  during  the  trial  may  be  avoided  by 
appropriately  diluting  a  saturated  solution  of  carbon  dioxide.  Thus,  if  the  gas  is 
ei{)ect4?d  to  contain  about  12  jjer  cent,  of  carbon  dioxide,  the  sample  bottles 
should  be  filltnl  with  a  mixture  of  seven  parts  tap- water  and  one  part  of  water 
saturated  with  carbon  dioxide.  The  flow  of  water  from  the  sample  bottle  may  be 
conveniently  regulated  by  attaching,  say,  a  yard  of  tubing  (in  order  to  give  a 
fairly  uniform  head),  to  the  end  of  which  is  connected  a  "wash-bottle  jet" 
which  has  previously  been  found  to  permit  the  emptying  to  take  place  in  the 
required  time.    The  jet  is  less  likely  to  clog  if  used  in  the  reversed  position. 

Simple  Titration  of  Gases.— ^lany  instances  occur  in  which  an 
absorbable  gas  can  be  passed  through  a  solution  of  known  standard  in 
excess,  and  the  measure  of  the  gas  being  known  either  by  emptying 
an  anpi rater  of  water  containing  a  known  volume,  or  by  the  use  of 
a  gas-meter.  The  amount  of  gas  absorbed  may  l>e  found  by  titration 
of  the  standard  absorlKint  residually.  Such  instances  occur  in  the 
exit  gases  of  vitriol  and  chlorine  chambers.  In  the  case  of  vitriol 
exits  the  gases  are  drawn  through  a  standard  solution  of  soda  or  other 
alkali  contained  in  Todd's  absorj)tion  tubes  or  some  similar  arrange- 
ment, to  which  is  attached  a  vessel  containing  a  known  volume,  say 
exactly  yV  ^^  ^  cubic  foot  of  water.  A  tap  is  fixed  at  the  bottom  of 
this  vessel,  so  that  when  all  is  tightly  fitted  and  the  tap  partially 
opened,  a  small  flow  of  water  is  induced,  which  draws  the  gases 
through  the  absorbent.     When   the  aspirator  is  empty  the  flow  of 
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gases  ceases,  and  of  course  the  volume  of  water  so  run  out  represents 
that  of  the  gases  passed. 

Another  way  of  measuring  the  gases  is  to  use  an  india-rubber 
vessel,  which  can  be  compressed  by  the  hand,  known  as  a  finger- 
pump.  The  volume  contents  being  known  by  measurement  with 
water  or  air,  the  aspirations  made  by  it  may  be  calculated ;  the 
aspirated  gases  are  then  drawn  slowly  through  the  absorbent  liquid. 
In  the  case  of  chlorine  exits  the  gases  are  passed  through  a  solution  of 
potassium  iodide  in  excess,  and  the  amount  of  liberated  iodine 
subsequently  found  by  titration  with  standard  sodium  arsenite.  A 
most  convenient  vessel  is  the  revolving  double  glass  aspirator,  known 
as  Dancer's  or  Muencke's. 

The  standard  solutions  used  in  these  cases  are  generally  so  arranged 
as  to  avoid  calculations,  and  the  result  found  for  legal  purposes  in 
England  is  given  in  grains  per  cubic  foot,  in  order  to  comply  with  the 
conditions  of  the  Noxious  Vapours  Act,  which  enjoins  that  not  more 
than  4  grains  of  SOg  or  2i  grains  of  CI,  in  one  cubic  foot  shall  be 
allowed  to  pass  into  the  atmosphere. 

Sometimes  a  gas  may  be  estimated  by  the  reaction  which  takes 
place  when  brought  in  contact  with  a  chemical  absorbent,  such  as  the 
formation  of  a  precipitate,  or  the  change  of  colour  which  it  produces 
in  an  indicator.  The  gas  in  this  case  can  be  measured  by  a  graduated 
aspirator,  the  flow  of  which  is  stopped  when  the  peculiar  reaction 
ceases  or  is  manifested. 

Normal  Solutions  for  Gas  Analysis.— In  the  titration  of  gases 
by  these  methods,  particularly  on  the  Continent,  the  custom  is  to  use 
special  normal  solutions,  1  c.c.  of  which  represents  1  c.c.  of  the 
absorbable  gas  in  a  dry  condition,  and  at  760  m.m.  pressure  and  O^C 
temperature.  These  solutions  must  not  be  confounded  with  the  usual 
normal  solutions  used  in  v.olumetric  analysis  of  liquids  or  solids.  For 
instance,  a  Jionual  gas  solution  for  clilorine  would  bo  made  by 
dissolving  4*4288  gm.  of  AS2O3,  with  a  few  grams  of  sodium  carbonate 
to  the  liter,  and  a  corresponding  solution  of  iodine  containing 
11*3396  gm.  per  liter,  in  order  that  1  c.c.  of  either  should  correspond 
to  1  c.c.  of  clilorine  gas.  1  c.c.  of  the  same  iodine  solution  woidd  also 
repre4?ent  1  c.c.  of  dry  SOg,  and  so  on. 

A  very  convenient  bottle  for  the  titration  of  certain  gases  is  adopted 
by  Hesse.  It  is  made  in  a  conical  form,  like  anErlenmeyer's  flask, 
and  has  a  mark  in  the  short  neck,  down  to  which  is  exactly  fitted 
a  caoutchouc  stopper  having  two  holes,  which  will  either  admit  the 
spit  of  a  burette  or  pipette,  or  may  be  securely  closed  by  solid  glass 
rods.  The  exact  contents  of  the  vessel  up  to  the  stopper  is  ascertained, 
and  a  convenient  size  is  about  500  or  600  c.c.  The  exact  volume  is 
marked  upon  the  vessel. 

In  the  case  of  gases  not  affected  by  water,  the  bottle  is  filled  with 
that  liquid  and  a  portion  displaced  by  the  gas,  and  the  stopper  with 
its  closed  holes  inserted.  If  water  ciinnot  be  used,  the  gas  is  drawn 
into  the  empty  bottle  by  means  of  tubes  with  an  elastic  pump.  The 
absorbable  constituent  of  the  gas  is  then  estimated  with  an  excess  of 
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the  standard  sohition  run  in  from  a  pipette  or  burette.  During  this 
a  volume  of  the  gas  escapes  equal  to  the  volume  of  standard  solution 
added,  which  must  of  course  be  deducted  from  the  contents  of  the 
absorbing  vessel.  The  gas  and  liquid  are  left  to  react  with  gentle 
shaking  until  complete.  The  excess  of  standard  solution  is  then 
found  residually  by  another  corresjx)nding  standard  solution ;  and  in 
the  case  of  using  gas  normal  solutions,  the  difference  found  corres- 
I)onds  to  the  volume  of  the  absorbed  constituent  of  the  gas  in  c.c. ; 
and  from  this,  and  from  the  total  volume 
of  gas  employed,  may  be  calculated  the 
percentage,  allowing  for  the  correction 
mentioned.  This  arrangement  may  be 
used  for  CO.^  iii  air,  using  normal  gas 
barium  hydrate  and  a  corresponding  normal 
gas  oxalic  acid  with  phenolphthalein.  The 
normal  oxalic  acid  should  contain  5*6314 
gm.    per   liter,   in    order   that    1   c.c.   may 


represent  1  c.c.  of  COg.  The  baryta 
solution  must  corres|)ond,  or  its  relation 
thereto  found  by  ])lank  exj)eriment  at  the 
time.  The  arrangement  is  also  available 
for  HCl  in  gases,  using  a  normal  gas  silver 
solution  containing  4*8233  gm.  Ag  per  liter, 
as  absorbent,  with  a  corresponding  solution 
of  thiocyanate  (§  43)  and  ferric  indicator ; 
or  the  HCl  may  be  absorbed  by  potash, 
then  acidified  with  HNO^,  and  tlie  titration 
carried  out  by  tlie  same  process ;  or  again, 
an  alkaline  carbonate  may  be  used,  and  the 
titration  ma«le  with  a  normal  gas  silver 
solution     using     the     chromate    indicator 

(§41, -V>). 


Fig.  108. 


Hemp  el '8   Gas  Burette. — This  con- 
sists of  two  tubes  of  glass  on  feet,  one  of  which  is  graduated  to 
100  c.c.  in  \  c.c.  (the  burette  proper),  and  the  other  plain  (the  level 
tul)e).     They  are  connected  at  tlie  feet  by  an  elastic  tube,  much  in  the 
same  way  as  Lu  nge's  nitrometer.  The  arrangement  is  shown  in  fig.  108. 

The  illustration  shows  the  burette  with  tliree-way  stop-cock  at 
lx)ttom,  which  is  necessary  in  the  case  of  gases  soluble  in  water, 
or  where  any  of  the  constituents  are  affected  thereby.  If  this  is  not 
the  case,  a  burette  without  such  stojx'ock  is  substituted  (fig.  109). 
The  elastic  tube  should  not  be  in  one  piece,  but  connected  in  tlie  middle 
by  a  short  length  of  glass  tube  to  admit  of  ready  disconnection. 

Fig.  109  will  illustrate  not  only  the  original  Hem  pel  burette  with 
level  tube,  but  also  the  method  of  connection  with  the  gas  pipette, 
and  also  the  way  in  which  the  elastic  tube  is  joined  by  the  intervening 
glass  tube.* 

*  The  eame  chemist  has  since  de«igiied  a  gti»  horette  which  has  the  advanta^ce  of  heing 
unaffected  hy  the  fluctuating  temperature  and  pressure  of  the  atmosphere.    This  is  effected 


584  VOLUMffTRIC   ANALYSIS.  §  108. 

Hempol,  with  great  ingenuity,  has  devised  apecial  pipettes  to  be 
used  ill  connection  with  the  burette,  and  which  render  the  instrument 
very   serviceable    for   general   gas   analysis.     The  pipette  shown    in 


Fig.  109, 
fig.  109  is  known  as  the  simple  absorption  pipette,  and  serves  for 
submitting  the  gas  originally  in  the  burette  to  the  action  of  some 
special  absorljent.  With  a  series  of  these  pipettes  the  gas  is  submitted 
to  the  action  of  special  al>3orbents,  one  after  another,  until  the  entire 
comjioaition  is  ascertained.  The  connections  must  in  all  cases  be 
made  of  best  stout  nibber,  and  bound  with  wire. 
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Colleotion  and  mefwurement  of  the  Gas  over  Water. — Both 
tul]«8  arc  tillttil  coruptetely  witli  wat«r  (preferably  alreatly  saturated 
mechatui'ally  with  the  kos),  care  l>eing  taken  tliat  all  air  is  driven  out 
of  tlie  elastic  tube.  The  clip  ix  then  closed  at  the  top  of  the  Iturette, 
and  the  hulk  of  the  water  [loureit  out  of  the  level  tube,  the  elastic 
tul)c  heinn  i>inch<Ml  meanwhile  with  the  linger  and  thumb  to  prevent 
air  entering!  the  burette.  The  latter  is  then  connected  by  a  small 
)(lasB  tube  with  the  source  of  the  gas  to  be  examined,  when,  by 
lowering  the  level  tulw!,  the  gaa  flows  in  and  displaces  the  water  from 
the  l>urett«  into  the  level  tube.  Tlie  pressure  is  then  regulated 
by  niisiiit!  or  lowering  cither  of  the  tubes  until  both  arc  level,  when 
the  volume  of  gas  is  read  off.  It  is  convenient  of  course  to  take 
exactly  100  c.c.  of  gas  to  save  calculation. 

Colleotion  and  measurement  of  the  Qss  without  Water.— 
In  this  case  the  three-way  laji  burette  (fig.  108)  is  dried  thoroughly 
by  tirst  washing  with  alcohol,  then  ether,  and  drawing  air  through  it. 
The  three-way  tap  is  then  closed,  the  upper  tu1>e  connected  with  the 
gas  supply,  and  the  burette  filled  either  by  the  pressure  of  the  gas,  or 
hy  usinf!  a  small  jjump  attached  to  the  three-way  cock  t«  draw  out  the 
air  and  fill  the  burette  with  the  gas.  When  full  the  taps  are  turned 
off,  and  connection  mode  with  the  level  tube,  which  is  then  tilled 
with  water,  the  tap  openetl  so  that  the  water  may  flow  into  the  Inirette 
an<l  aljsorb  the  soluble  gases  present.  As  the  burette  holds  exactly 
100  c.c.  l>etween  the  three-way  tap  and  the  upper  clip,  the  percentage 
of  soluble  gas  is  shown  directly  on  the  graduation. 

The  method  of  Absorption.— 

In  the  case  of  the  simple  pipette 
lig.  109,  a  is  filled  with  the  absorb- 
ing li()uid,  which  reaches  into  the 
ayphon  bend  of  the  capillary  tube ; 
the  bulb  h  remains  nearly  empty. 
In  onler  to  fill  the  instnmient,  the 
liquid  is  ]>oured  into  /',  and  the  air 
sucked  out  of  a  by  the  ca|)illary 
tube.  It  is  convenient  to  keep  a 
number  of  these  pipettes  filled  with 
various  absorbents,  well  corked,  and 
lal>elled. 

Another  pipette  of  similar  char- 
acter is  shown  in  tig.  110,  and  is 
adapted  for  solid  reagents,  sucli  as 
slick  phosphorus  in  water.  The 
1  ojiening  at  the  bottom,  which  can  lie  closed  with 
a  caoutchouc  stopper.  This  pi])ette  is  also  used  for  absorbing  COj 
by  tilling  it  with  plugs  of  wire  gauze  and  caustic  potash  solution,  so 
as  to  ex|K>se  a  large  active  surface  when  the  liquid  is  displaced  by 
the  gas. 

To  make  an  absorption,  the  capillary  I'-tube  is  connected  with  the 
burette    containing    the    measured    gas   ]>y   a   small    capillary    tube 
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(fig.  110),  tlie  pinchcock  of  course  being  open,  then  by  raising  the 
level  tube,  the  gas  is  driven  over  into  the  cylindrical  bulb,  where  it 
displaces  a  portion  of  the  liquid  mto  the  globular  bulb.  When  the 
whole  of  the  gas  is  transferred,  the  pinch-cock  is  closed,  and  the 
absorption  promoted  by  shaking  the  gas  with  the  reagent.  When  the 
action  is  ended,  communication  with  the  burette  is  restored,  and  the 
gas  syphoned  back  with  the  level  tube  into  the  burette  to  be  measured. 

The  double  absorption  Pipette  shown  in  fig.  Ill  is  of  great 
utility  in  preserving  absorbents  which  would  be  acted  on  by  the  air, 
such  for  instance  as  alkaline  pyrogallol,  cuprous  chloride,  etc.  The 
bulb  next  the  syphon  tube  is  filled  with  the  absorbent,  the  next  is 
empty,  the  third  contains  water,  and  the  fourth  is  empty.  When  the 
gas  is  passed  in,  the  intermediate  water  passes  on  to  the  last  bulb  to 
make  room  for  the  gas,  thus  shutting  off  all  contact  with  the 
atmosphere,  except  the  small  amount  in  the  second  bulb.  An 
arrangement  is  also  made  for  the  use  of  solid  reagents,  by  substituting 
for  the  globe  next  the  U  capillary  tube  a  cylindrical  bulb  as  in  fig.  110. 

Hydrogen  Pipette.— The  hydrogen  gas  necessary  for  explosions 
or  combustions  is  produced  from  a  hollow  rod  of  zinc  fixed  over  a  glass 
rod  passed  through  the  rubber  stopper  (fig.  110).  The  bulb  being 
filled  with  dilute  acid,  gas  is  generated,  and  as  it  accumulates  the  acid 
is  driven  into  the  next  bulb  and  the  action  ceases. 

Explosion  Pipette.— Another  arrangement  provides  for  explosions 
by  the  introduction  into  a  thicker  bulb,  measured  volumes  of  the  gas, 
of  air,  and  of  hydrogen.  The  bulb  being  shut  off  with  a  stop-cock,  a 
spark  is  passed  through  wires  sealed  into  the  upper  portion  of  the  bulb. 

Pipette  with  Capillary  Combustion  Tube.— This  simple 
arrangement  consists  of  a  short  glass  capillary  tube  bent  at  each  end 
in  a  right  angle,  into  which  an  asbestos  fibre  impregnated  with  finely 
divided  palladium  is  placed,  so  as  to  allow  of  the  passage  of  the  gas.* 
The  gas  being  mixed  with  a  definite  volume  of  air  in  the  burette,  and 
the  measure  ascertained  (not  more  than  25  c.c.  of  gas  and  60  or  70  c.c. 
of  air),  the  asbestos  tube  is  heated  gently  with  a  small  gas  fiame  or 
spirit  lamp,  and  the  pinchcocks  being  opened,  the  mixture  is  slowly 
passed  through  the  asbestos  and  back  again,  the  operation  being 
repeated  so  long  as  any  combustible  ga^  remains.  No  explosion  need 
be  feared.     The  residue  of  gas  ultimately  obtained  is  then  measured, 

*  To  prepare  palladium  asbestos,  dissolve  about  1  gm.  palladium  in  aqua  regia,  evaporate 
to  dryness  on  water  bath  to  expel  all  acid.  Dissolve  in  a  very  small  quantity  of  water,  and 
add  5  or  6  c.c.  of  saturated  solution  of  sodium  formate,  then  sodium  carbonate  until 
strongly  alkaline.  Introduce  into  the  liquid  about  1  gm.  soft,  long-fibred  asbestos,  which 
should  absorb  the  whole  liquid.  The  fibre  is  then  drieid  at  a  gentle  heat,  and  finally  in  the 
water  bath  till  perfectly  dry ;  it  is  then  soaked  in  a  little  warm  water,  put  into  a  glass 
fimnel,  and  all  adhering  salts  washed  out  carefully  without  disturbing  the  palladium 
deposit.  The  asbestos  so  prepared  contains  about  50  per  cent.  Fd,  and  in  a  x>erfectly  dry 
state  is  capable  of  causing  the  combination  of  U  and  O  at  ordinary  temperature,  but  whctn 
used  in  the  capillary  tube  it  is  preferable  to  use  heat  as  mentioned.  The  capillary 
combustion  tubes  are  about  1  m.m.  bore  and  5  m.m.  outside  diameter,  with  a  length  ox 
about  15  cm.  The  fibre  is  placed  into  them  before  bending  the  anglen,  as  follows  :r^l4iy 
a  few  loose  fibres,  about  4  cm.  long,  side  by  side  on  smooth  filter  paper,  moisten  with  a  drop 
or  two  of  water,  then  by  shding  the  finger  over  them  twisted  into  a  kind  of  thread' ii^xmi 
the  thickness  of  darning  cotton.  The  thread  is  taken  carefully  up  with  pinc^B  and 
dropped  into  the  tube  held  vertically,  then  by  aid  of  water  and  gentle  shaking  mov^.into 
I>08ition  in  the  middle  of  the  tube.  The  tube  is  then  dried  in  a  warm  place,  and  finally  the 
ends  bent  at  right-angle  for  a  length  of  3i  to  4  cm.  Platinum  asbestos  may  be  prepared  in 
the  same  way,  using,  however,  only  from  half  to  one-fourth  the  quantity  of  metal. 
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and  the  contraction  fouml ;  from  this  the  volume  of  gas  burned  is 
ascertained  either  direttly,  or  by  the  previous  removal  of  COj  formed 
by  tlie  coDibustioii  with  the  ))otaHh  jiipettc.  H  is  very  easily  btiriied, 
CO  less  easily.  Etliylone,  lienzine,  and  acetylene  require  a  tti^ater 
heat  and  loiifjer  time.  CH^  ie  not  affected  by  the  method,  even 
thougli  Ulixeil  with  a  lai^e  excess  of  combustible  gases. 

In  order  U>  iUiwtnite  the  working  of  the  whole  net  or  appsratus,  the  analysis 
ot  a  tniiture  containmi;  most  or  all  of  the  Ksses  likelv  lo  be  met  with  in  autual 
testinK  is  (tiven  from  a  poper  contributed  by  Dr.  W.  Bott  (J.  S.  C.  I.  iv.  163). 
The  miiluie  of  kshcs  coDsists  of  CO,,  O,  CO,  CgH,,  CH„  H  and  N.  A  sample 
or  Ibin  gas— Hay  100  c.o.—  is  collected  and  measured  in  the  gnu  burette.  The  CO, 
is  neit  absorbed  by  piuwinj;  the  gas  into  a  pipette  (flg,  109)  containing  a  solution 
ot  1  part  of  KilO  i[i  2  jarts  of  water.  To  ensure  a  more  rapid  ahsorption,  the 
bulb  shown  in  fig.  110  containing  the  isiutic  potash  may  be  partly  filled  with 
pliigB  of  wire  gaiue.  The  absorption  of  the  CO]  is  almost  instantaneou<i.  It  is 
only  necesmiT  to  pass  the  gas  into  the  apparatus  and  syphon  it  back  again  t( 


measured. 


produced  gives  directly  the  percentage  of  COj  s 


100  c.c.  were  used  at  starting.  Tlie  remaining  gnn  contains  0,  CO,  H,  C,U„ 
CH„  N,  The  onyiien  is  next  absorbed,  Tliis  may  be  effected  hi  two  ways— by 
means  ol  moist  phosphorus  or  by  an  alkaline  solution  of  pyrogallie  acid.  The 
former  method  is  by  far  the  more  elegant  of  the  two,  but  not  univertally 
applicable.  Tlie  absorption  is  done  in  apipetle  (flg.  110),  the  cork  bulb  of  whidi 
is  filled  with  thin  sticks  of  yellow  phosphorus  surrounded  by  water.  The  gas  to 
be  tested  is  introduced  in  the  usual  manner,  and  by  displacing  the  water  oomei 
into  contact  with  the  moist  Hiirface  of  Uie  phosphorus,  which  speedily  absorbs  all 
the  oxygen  from  it.  The  absorjition  proceeds  best  at  about  IS-W  C,  and  it 
complete  in  ten  minutes.  The  snmll  quantity  of  P,0,  formed  by  the  absorption 
dissolves  iu  the  water  present,  and  thus  Ilie  surface  of  the  phosphorus  always 
remains  bright  and  active.  This  neat  and  accurate  method  is  not  however 
universally  applicable ;  the  following  are  tlie  conditions  under  nliich  it  can  be 
used  : — The  oxygen  in  the  >^  must  not  be  more  than  50  per  cent,,  and  the  gis 
must  be  free  from  ammonia,  C,U,  and  other  hydrocarbons,  vapour  ot  alcohol, 
ether  and  essential  oils.  In  the  instance  chosen,  the  phosphorus  method  would 
hence  not  be  applicable,  as  the  mixture  contains  C,!!, ;  therefore  pyrogallol  must 
be  used.  The  absorption  is  earned  out  in  the  compound  absorption  pipette 
(flg.  Ill),  the  bulb  of  which  is  completely  filled  with  an  alkaline  solution  of 
pyn^Uol  made  by  dissolving  1  part  (by  volume)  of  a  25  per  cent,  pyrogallol 
sotutioD  in  6  puts  of  a  60  per  cent,  solution  of  caustic  potash.     The  absorption  is 
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complete  in  about  five  minutes,  but  may  be  hastened  by  shaking.  The  remainder 
of  the  gas  now  contains  C3H4,  CO,  CH4,  H,  N,  and  the  next  step  is  to  absorb  the 
C2H4  by  means  of  fuming  SO3,  the  CH4  being  subsequently  determined  by 
explosion.  In  choosing  the  latter  method  a  portion,  say  half,  of  the  residual  gas 
is  taken  for  the  estimation  of  hydrogen.  The  absorption  of  the  hydrogen  is 
based  on  the  fact  that  palladium  black  is  capable  of  completely  burning  hydrogen 
when  mixed  with  excess  of  air,  and  slowly  passed  over  the  metal  at  the  ordinary 
temperature.  About  li  gm.  of  palladium  black  are  placed  in  a  small  U-tube 
plunged  into  a  small  beaker  of  cold  water,  and  the  gas,  mixed  with  an  excess  of 
air  (which,  of  course,  must  be  accurately  measured),  is  passed  slowly  through  the 
tube  two  or  three  times,*  the  tube  at  the  time  being  connected  with  an  ordinary 
absorption  pipette  filled  with  water  or  else  with  the  KOH  pipette,  which  in  this 
case,  of  course,  simply  serves  as  a  kind  of  receiver.  Finally  the  gas  is  syphoned 
back  into  the  burette  and  measured — two -thirds  of  the  contraction  correspond  to 
the  amount  of  H  originally  pr««ent  in  the  mixture  of  gas  and  air.  The  CH4  is 
not  attacked  by  ordinary  30  per  cent.  SO3  Nordhausen  acid  during  the  absorption 
of  the  C2H4.  The  acid  is  contained  in  an  absorption  pipette  (fig.  110),  the  bulb 
of  which  is  tilled  with  ])ieces  of  broken  glass  so  as  to  offer  a  larger  absorbing 
surface  to  the  gas.  The  absorption  is  complete  in  a  few  minutes,  but  the 
remaining  gas  previous  to  measuring  should  be  passed  into  the  KOH  pipette  and 
back  again,  so  as  to  free  it  from  fumes  of  SO3.  Residual  gas:  CO,  CH4, 
H,  N.  The  CO  is  next  absorbed  by  means  of  an  ammoniacal  solution  of 
cuprous  chloride  in  a  compound  absorption  pipette.  The  gas  has  to  be  shaken 
with  the  absorbent  for  about  three  minutes.  It  must  be  borne  in  mind  that 
CujClj  solution  also  absorbs  oxygen,  and,  according  to  Hem  pel,  considerable 
quantities  of  C2H4,  hence  these  gases  must  be  removed  previously.  Residue : 
CH4,  H,  N.  Both  CH4  and  H  may  now  be  estimated  either  by  exploding  with 
an  excess  of  air  in  the  explosion  pipette  and  measuring  (1)  the  contraction 
produced,  and  (2)  the  amount  of  COj  formed  (by  means  of  the  KOH  pipette)  ; 
or,  according  to  Hem  pel,  absorb  the  hydrogen  first  of  all  as  described  above — 
provided  the  U-tube  be  kept  well  cooled  with  water,  inasmuch  as  that  at  about 
200°  C.  a  mixture  of  air  and  CH4  is  also  acted  upon  by  palla'lium.  The  presence 
of  CO,  vaix)ur8  of  alcohol,  benzine  and  hydrochloric  acid  also  interfere  with  the 
absorption  by  palladium. 

The  i)alladium  may  be  used  for  many  consecutive  experiments,  but  must  be 
kept  as  dry  as  possible.  After  it  has  been  used  for  several  absorptions  it  may  be 
regenerated  by  plunging  the  tube  into  hot  water  and  passing  a  current  of  dry 
air  through  it. 

Having  estimated  the  hydrogen,  the  CH4  in  the  remaining  portion  of  the  gas 
has  to  be  determined.  This  contains  CH4,  N  and  H,  the  amount  of  the  latter 
being  known  from  the  previous  experiment.  The  gas  is  mixed  with  the  requisite 
quantity  of  air  and  hydrogen,  introduced  into  the  explosion  pipette  and  fired  by 
means  of  a  si)ark.  The  water  resulting  from  the  combustion  condenses  in  the 
bulb  of  the  pipette,  whilst  the  CO2  formed  is  absorbed  by  the  KOH  solution 
present.     Hence  the  total  contraction  produced  corresponds  to : 

a.  The  hydrogen  present  in  the  original  gas  +  i  its  vol.  of  O  (the  quantity 
requisite  for  complete  combustion). 

h.     The  known  quantity  of  hydrogen  added  +  \  its  vol.  of  O. 

c.     The  CH4  present  +  2  vols,  of  0  requisite  for  its  combustion. 

CH4  +  04  =  (CO.;  +  2H2O) 
4  disappears. 

Since  a  and  h  are  known,  or  can  be  readily  calculated  from  the  previous  data,  by 
subtracting  {a  +  h)  from  the  total  contraction  it  is  possible  to  obtain  C  —  (o  +  6)  =  c 
contraction  due  to  CH4  alone,  and  one-third  of  this  is  equal  to  the  volume  of  CH4, 
present,  as  will  be  readily  seen  from  the  above  equation. 
The  remaining  nitrogen  is  estimated  by  difference. 

*  Instead  of  this  the  H  may  be  burned  in  the  tube  containing  the  palladium  asbestos 
fibre  previously  described. 
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Improved  arrangement  of  Hempel'e  Pipettes  for  storing 
and  using  absorbents. — I'.  I'.  Iteilaoii  lias  designed  an  arrange- 
ment of  pipettwi  which  he  uaes  in  connection  with  a  Dittmar's 
mea»<uriii);  apiiamtns,  ])Ut  whicli  may  of  counw  lie  used  with  other 
iorms  of  gun  a[)p8mtu8,  liy  snitable  connections.  The  pipettes  are 
shown  in  Hg.  l\'2,  and  their  use  may  he  described  as  follows: — A 
capilliiry  tuhe  with  a  three-way  cock  A  is  soldered  to  the  Hempel 
pipette — tlio  capillary  is  drawn  out  and  l)ent  ao  as  to  pass  into  the 
mercury  trough.  The  taj)  A  can  lie  |)laced  in  connection  with  C,  to 
which  is  attikciied  a  movable  mercury  reservoir  D.  In  working,  e.g., 
transferring  ffis  to  K,  the  absorlwnt  fills  £  and  the  capillary  of  tap  A 
By  raising  1)  tlie  vessel  C  and  r«])illary  B  are  entirely  filled  with 
mercury.  B,  of  course,  i»  immersed  in  the  mercury  trough.  Having 
tilled  B  with  mercury,  the  test  tube  containing  the  gas  to  be  exanitnctl 
is  brought  over  the  end  of  B  and  some  gEis  drawn  into  C  by  ile|>res8ing 
I).  The  tap  is  then  turned  to  put  the  lube  in  connection  with  E,  and 
the  gas  forced  into  V.  by  depressing  the  tul>e  in  trough.  By  raising 
and  lowering  the  tulie  the  gas  can  be  brought  into  intimate  contact 
with  the  absorlient  and  absorption 
thus  promoted.  To  bring  all  the 
ga.s  into  K,  I>  is  again  uscti  and 
the  remainder  of  gas  drawn  into 
I  C  by  depressing  II ;  then  by  turn- 
ing the  tap  round  the  gas  from  C 
call  be  forced  into  E ;  the  tap  is 
then  turned  so  as  to  put  the 
capillary  and  E  in  connection, 
and  the  gas  flows  into  E  with  a 
small  portion  in  capillary  B, 
retained  by  the  column  of  mercury 
filling  the  bent  limb. 

The  gaa  may  be  left  thus  tor 
some  hours  ;  and  to  transfer  it  to 
the  tube,  C  and  E  are  placed  in 
c<innection  by  suitably  turning 
the  tap  ;  then  by  dei>ressing  I> 
some  gas  is  drawn  into  C  and  the 
Uij)  turned  so  as  to  pnt  C  and  the 
tube  in  connection. 

By  can'fully  raising  1)  the 
y  is  washeil  ont  of  B  and  some  of  the  gas  )>hsscs  into  the  tulw. 
With  B  clear  of  mercury  and  filled  with  gas,  the  tulw  and  E  are 
placetl  in  connection  and  the  gas  flows  ont  of  E  into  the  tube.  When 
the  licpiid  from  E  has  risen  so  as  to  fill  the  vessel  uji  to  the  Uip  (tite 
capillary  of  the  tap  being  also  filW),  the  tap  is  turn<-<i  to  put  (J  and 
B  in  connectioii ;  tlien  by  raising  ll  all  gas  is  washed  out  of  C  and 
capillary  into  the  tulie  used  for  its  collection  and  transferred  to  the 
measuring  tu1>e. 

Hedsonalso  attaches  to  the  measuring  apparatus  a  vessel  containing 
a  known  volume  of  air  at  known  tem|)erature  and  pressure,  as  recom- 
mended by  Lnnge,  so  as  to  dispense  with  the  otherwise  necessary 
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corrections.     Further  details  as  to  the  various  uses  to  which  Hem  pel's 
gas  pipettes  and  other  simple  forms  of 
gas  apparatus  may  be  adapted,  will  be 
found     in     Hempel's     Gas    Analysis 
(Macmillan,  1892). 

THE  NITBOMETEB  AND 
GASVOLUMETEK. 

§  109.  The  nitrometer  has  been 
incidentally  alluded  to  in  §  71  (page  273) 
as  being  useful  for  the  estimation  of 
nitric  acid  in  the  form  of  nitric  oxide. 
It  was  indeed  for  this  purpose  that  the 
instrument  was  originally  contrived,  more 
especially  for  ascertaining  the  proportion 
of  nitrogen  acids  in  vitriol. 

Tlie  instrument  has  been  found 
extremely  useful  also  for  general 
teclinical  gas  analysis,  and  for  the  rapid 
testing  of  such  substances  as  manganese 
peroxide,  hydrogen  peroxide,  bleaching 
powder,  urea,  etc.  The  apparatus  in  its 
simplest  form  is  shown  in  fig.  113,  and 
consists  of  a  graduated  measuring  tube 
fitted  at  the  top  with  a  three-way  stop- 
cock, and  a  glass  cup  or  funnel  ;  the 
graduation  extends  from  the  tap  down- 
wards to  50  c.c.  usually,  and  is  divided 
into  Yu  ^'^'  T^^®  plain  tube  known  as 
the  pressure  or  level  tube,  is  about  the 
same  size  as  the  burette,  and  is  connected 
with  the  latter  by  means  of  stout  elastic 
tubing  bound  securely  with  wire.  Both 
tubes  are  held  in  clamps  on  a  stand,  and 
it  is  advisable  to  fix  the  burette  itself 
into  a  strong  spring  clamp,  so  that  it 
may  be  removed  and  replaced  quickly. 

One  great  advantage  over  raiiny  other 
kinds  of  technical  gas  apparatus  Avhich 
pertains  to  this  instrument  is,  that  it  is 
adapted  for  the  use  of  mercury,  thus 
insuring  more  accurate  measurements,  and  enabling  gases  soluble  in 
water,  etc.,  to  be  examined. 

Another  form  of  the  same  instrument  is  designed  by  Lunge  for  the 
estimation  of  the  nitric  acid  in  saltpetre  and  nitrate  of  soda,  where 
a  larger  volume  of  nitric  oxide  is  dealt  ^vith  than  occurs  in  many 
other  cases.  In  this  instrument  a  bulb  is  blown  on  the  burette 
just  below  the  tap,  and  the  volume  contents  of  this  bulb  being  found, 
the  graduation  showing  its  contents  begins  on  the  tube  at  the  point 
where  the  bulb  ends,  and  thence  to  the  bottom ;  the  level  tube  also 


Fig.  113. 
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has  a  bulb  at  bottom  to  contain  the  mercury  displaced  from  the  burette. 
Illustrations  of  this  form  of   nitrometer  will  be  found  further  on. 

The  following  description  of  the  manipulation  required  for  the 
estimation  of  nitrogen  acids  in  vitriol  applies  to  the  ordinary  nitro- 
meter, and  applies  equally  to  the  estimation  of  nitrates  in  water 
residues  and  the  like  (see  jmge  268) : — 

The  burette  a  is  filled  with  mercury  in  such  quantity  that,  on  raising  b  and 
keeping  the  tap  oi)en  to  the  burette,  the  mercury  stands  quite  in  the  taphole, 
and  about  two) inches  up  the  tube  b.  The  tap  is  now  closed  completely,- 
and  from  05  to  6  c.c.  of  the  nitrous  vitriol  (according  to  strength)  poured 
into  the  cup.  b  is  then  lowered  and  the  tap  cautiously  opened  to  the 
burette,  and  shut  quickly  when  all  the  acid  except  a  mere  drop  has  run  in, 
carefully  avoiding  the  passage  of  any  air.  3  c.c.  of  strong  pure  H2SO4  are 
then  placed  in  the  cup  and  drawn  in  as  before,  then  a  further  2  or  8  c.c.  of  the 
acid  to  rinse  all  traces  of  the  sample  out  of  the  cup.  a  is  then  taken  out  of 
its  clamp,  and  the  evolution  of  gas  started  by  inclining  it  several  times  almost  to 
a  horizontal  position  and  suddenly  righting  it  again,  so  that  the  mercury  and  acid 
are  well  mixed  and  shaken  for  a  minute  or  two,  until  no  further  ^as  is  evolved. 
The  tubes  are  so  placed  that  the  mercury  in  b  is  as  much  higher  than  that 
in  a  as  is  required  to  balance  the  acid  in  a  ;  this  takes  about  one 
measure  of  mercury  for  6*5  measures  of  acid.  When  the  gas  has  assumed  the 
temperature  of  the  room,  and  all  froth  subsided,  the  volume  is  read  ofT,  and 
also  the  temperature  and  pressure  from  a  thermometer  and  barometer  near  the 
place  of  operation.  The  level  should  be  checked  by  opening  the  tap,  when 
the  mercury  level  ou^ht  not  to  change.  If  it  rises,  too  much  pressure  has 
been  given,  and  the  reading  must  be  increased  a  trifle.  If  it  sinks,  the  reverse. 
A  good  plan  is  to  put  a  little  acid  into  the  cup  before  opening  the  tap ;  this 
will  be  drawn  in  if  pressure  is  too  low,  or  blown  up  if  too  high.  These  indications 
will  serve  for  a  correct  repetition  of  the  experiment. 

To  empty  the  apparatus  ready  for  another  trial,  lower  a  and  open  the  tap, 
then  raise  6  so  as  to  force  both  gas  and  acid  into  the  cup ;  by  opening  the  tap 
then  outwards,  the  bulk  of  the  acid  can  be  collected  in  a  beaker,  the  last  drops 
being  wiped  out  with  blotting-paper.  It  is  hardly  necessary  to  say  that  the  tap 
must  be  thoroughly  tight,  and  kept  so  by  the  use  of  a  little  vaseline,  taking  care 
that  none  gets  into  the  bore-hole. 

The  calculations  for  nitrogen  are  given  on  page  268. 

It  is  evident  that  the  nitrometer  can  be  made  to  replace  HempeTs 
burette  if  so  re(}uirod,  by  attaching  to  the  side  oj)ening  pf  the  three- 
way  tap  the  various  pipettes  previously  de«cril)ed,  or  smaller  pipettes 
of  the  same  kind  t<i  be  used  with  mercury,  as  described  bv  Lunge 
{Berirhte,  xiv.  14,  92). 

The  instrument  may  also  be  very  well  employed  for  collecting, 
measuring,  and  analyzing  the  gases  dissolved  in  water  or  other  licjuids. 
An  illustration  of  this  mctho<l  is  given  by  Lunge  and  Schmidt 
(Z.  a.  C.  XXV.  309)  in  the  examination  of  a  sample  of  water  from 
the  hot  spring  at  Leuk  in  Switzerland. 

The  determination  of  the  disi<olved  gases  was  made  in  the  nitro- 
meter, arrangeil  as  shown  in  figs.  114  and  115  : — 

The  flask  A  is  completely  filled  with  the  water;  an  india-rubber  plu^  with  a 
capillary  tube  («)  passing  through  it  is  then  inserted  in  the  flask,  and  the  tube  is 
thereby  completely  filled  with  water.  The  whole  is  then  weighed,  and  the 
difference  between  this  and  the  weight  of  the  empty  flask  and  tube  gives  the 
amount  of  water  taken.  The  end  of  the  capillary  tube  is  then  connected  to  the 
side  tube  of  the  nitrometer  by  the  tube  b.  The  nitrometer  is  then  completely 
filled  with  mercury,  and  when  the  tubes  are  quiet,  the  flask  and  measuring  tube 
of  the  nitrometer  are  quickly  placed  in  connection,  without  the  introduction  of 


592 


VOLUMETRIC  ANALYSIS.  §  109. 

The  water  Id  the  flaak  is  then  slowly  healed  to  boiling. 
Some  water  as  well  as  the  dissolved  gases  i:olleot  in  the  measiiring  tube  of  the 
nitrometer.  The  tube  N  of  the  nitrometer  should  be  lowered  in  order  that  the 
boiliug  may  take  place  under  reduced  pre^ure.  After  boiling  for  five  to  ten 
"""""  "'e»,  Uie  stop-cock  is  quickly  lurned  through  18(f,  so  th»t  tlie  flask  is  pUced 


o  take  place  at  the  moment  of  turning  the  tap.  It  is  also  impossible  for 
any  gaa  or  nteam  to  escape  through  the  mercury  cup,  since  the  pressure  is 
inward,  A  small  bubble  of  gns  always  remains  under  the  stopper  ;  this  is 
brought  into  M  by  lowering  the  tube  N  as  much  as  possible,  and  then  turning  the 
ptor)-cock  so  that  the  flask  and  measuring  tube  are  agaiD  pbujed  in  co 
and  when  the  bubble  has  passed  over,  quickly  reversing  the  lap  ;^{ain, 


When  the  whole  of  the  gas  is  collected  in  the  nitrometer,  it  is  connected  with 
a  second  instrument,  O  P,  quite  full  of  mercury.  The  gas  is  then  transferred  by 
placing  the  tap  in  such  a  position  that  it  is  closed  in  all  directions,  and  the 
tube  M  if  heated  by  passing  steam  through  the  tube  B.  When  it  is  quite  hot 
the  tube  N  is  lowered,  causing  the  water  in  M  to  boil,  in  order  to  expel  every 
trace  of  dissolved  gas.  The  taps  are  then  placed  in  connection  and  the  gas 
passes  over.  It  can  then  be  cooled,  measured,  and  submitted  to  analysis.  Two 
experiments  gave  BOBgm.  water  taken,  ga.s  evolved  5'0ec.o,,  =  10'02  per  1000  gm.; 
602  gm.  water  taken,  gas  evolved  4*S4  c.c;,,  =  9-84  per  1000  gm. 

Iiunge's  Improved  Ifitrometer  for  tlie  Oas-Toliunetrio 
Analysis  of  Fermanganate,  Chloride  of  Lime,  Manganese 
Feroxide,  etc.— LTmf,'e  io  describing  this  inB'jriimerit  (J.  S.  C.  I. 
ix.  21)  says: — 

"  in  a  paper  published  in  the  Cheuiiiche  Indaatrie.  1885,  161,  I  described  the 
manifold  uses  to  which  the  nitrometer  can  be  put  as  an  apparatus  for  gas 
analysis  proper,  as  an  absorptiometer.  and  especially  for  gas-volumetric  analyses. 
To  fit  it  for  the  liu<t-menlioned  object,  I  added  to  it  a  flask,  provided  with  oq 
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inner  tube  fused  on  to  it«  bottom,  and  suspended  from  the  side  tube  of  the 
nitrometer,  as  shown  in  fif(.  116,  which  at  the  same  time  exhibits  the  Greiner 
and  Friedrich's  i)atent  tap.  This  shows  how  any  ordinary  nitrometer,  such  as 
are  now  found  in  most  chemical  laboratories,  can  be  applied  to  the  before- 
mentioned  uses.  Where,  however,  the  methods  oonoemed  are  to  be  employed 
not  merely  occasionally,  but  rejfularly,  it  will  be  preferable  to  get  a  nitrometer 
specially  adapted  to  this  use,  of  which  figs.  117  and  118  show  various  forms. 


Fig.  117. 


V 


A 


Fig.  116.  Fig.  118. 

They  have  no  cup  at  the  top,  which  is  quite  unnecessary  for  this  purpose,  but 
merely  a  short  outlet  tube  for  air.  Fig.  117  shows  an  instrument  provided  with 
one  of  the  new  patent  taps,  which  are  certainly  very  handy,  and  cause  a  much 
smaller  number  of  spoiled  tests  than  the  ordinary  three-way  tap,  at*  shown  in 
fig.  118,  which  at  the  same  time  exhibits  the  form  of  nitrometer  intended  for 
Iwye  quantities  of  gas,  the  upper  part  being  widened  into  a  bulb,  below  which 
the  graduation  begins  with  either  60  or  100  c.c,  ending  at  100  or  140  c.c. 
respectively.    There  are  also  various  shapes  of  flasks  shown  in  these  instruments. 
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but  it  is  unnecessary  to  say  that  these,  as  well  as  the  bulb  arrangements,  can  be 
applied  to  any  other  form  of  the  instniment.  The  nitrometers  used  for  gas- 
volumetric  analyses  are  best  graduated  in  such  manner  that  the  zero  point  is 
about  a  centimeter  below  the  tap,  whilst  ordinary  nitrometers  have  their  zero 
point  at  the  tap  itself.  I  will  say  at  once  that  for  all  estimations  of  oxygen  in 
permanganate,  bleach  or  manganese,  it  is  quite  unnecessary  to  employ  mercury 
for  filling  the  instruments,  since  identical  results  are  obtained  with  ordinary 
tap  water ;  but  it  is  decidedly  advisable  to  place  this  instrument,  like  any 
ordinary  nitrometer  or  any  other  apparatus  in  which  gases  are  to  be  measured,  in 
a  room  where  there  are  as  few  changes  of  temperature  by  cold  draughts  or  gas- 
burners,  and  so  forth,  as  possible. 

"  It  may  be  as  well  to  give  here  a  general  description  of  the  mode  of  procedure 
for  manipulating  gas- volumetric  aual^^sis  with  the  nitrometer,  common  to  all 
analyses  according  to  this  method.  Fill  the  nitrometer  with  water  or  mercury  by 
raising  the  level  tube  till  the  level  of  the  liquid  in  the  graduated  tube  is  at  zero 
(in  the  case  of  instruments  bearing  the  zero-mark  a  little  below  the  tap,  as  in 
figs.  117  and  118),  or  at  I'O  c.c.  (in  the  case  of  ordinary  nitrometers  beginning 
their  graduation  at  the  tap  itself).  It  is  unnecessary  to  say  that  in  the  latter 
case  all  readings  must  be  diminished  by  1  c.c.  Close  the  glass  tap.  Put  the 
substance  to  be  tested  into  the  outer  space  of  the  flask,  together  with  any  other 
reagent  apart  from  the  H^Oo  (in  the  case  of  bleaching-powder  nothing  but  the 
bleach  liquor,  in  that  of  permanganate  the  30  c.c.  of  sulphuric  acid,  etc.).  Now 
put  the  11202  into  the  inner  tube  of  the  flask,  after  having,  in  the  case  of  testing 
for  chlorine,  made  it  alkaline  in  the  previously  described  way.  Put  the  india- 
rubber  cork,  still  hanging  from  the  tap,  on  to  the  flask,  without  warming  the 
latter,  as  above  described.  As  this  produces  a  compression  of  the  air  within  the 
flask,  remove  this  by  taking  out  the  key  of  the  tap  in  figs.  116,  117,  or  118, 
turning  it  for  a  moment  so  as  to  communicate  with  the  short  outlet  tube.  Now 
turn  the  tap  back,  mix  the  liquids  by  inclining  the  flask,  shake  up  and  allow  the 
action  to  proceed.  As  the  gas  passes  over  into  the  graduated  tube,  lower  the 
level  tube,  so  as  to  produce  no  undue  pressure ;  at  last  bring  the  liquid  in  both 
tubes  to  an  exact  level  and  read  off. 

"  In  the  case  of  bleach  analjrsis  all  the  oxygen  of  the  chloride  of  lime  is  given 
off,  together  with  exactly  as  much  oxygen  of  the  HjOj.  The  total  is  just  equal 
to  the  volume  of  chlorine  gas  which  would  be  given  off  by  the  chloride  of  lime, 
and  thus  immediately  represents  the  French  or  Gay-Lussac  chlorometric 
degrees,  of  course  after  reducing  the  volume  to  0"  and  760  m.m.  pressure.  (The 
reading  of  the  barometer  must  be  corrected  by  deducting  the  tension  of  aqueous 
vapour  for  the  temperature  observed  as  well  as  the  expansion  of  mercury, 
according  to  the  tables  found  everywhere.)  Tliese  reductions  can  easily  be 
performed  by  the  tables  contained  in  the  "Alkali-Makers'  Pocket-book"  (pages 
34  to  45),  which  I  had  calculated  a  niunber  of  years  ago,  just  in  order  to  facilitate 
the  use  of  the  nitrometer." 

Lunge's  Gasvolumeter  is  an  apparatus  for  dispensing  with 
reduction  calculations  in  measuring  gas  volumes  (described  by  Lunge 
in  ZeUschrift  f.  amjew.  Chem.  1890,  139-144,  and  here  quoted  from 
/.  S,  a  I.  ix.  547). 

In  technical  gas  analysis  a  considerable  amount  of  time  is  taken  up 
by  calculations  for  reducing  gas  volumes  to  standard  temi)erature  and 
pressure.  In  pure  gas  analysis  the  inconvenience  is  not  so  great ;  for 
technical  purposes  the  initial  and  end  temperature  and  pressure  may 
be  taken  as  the  same,  owing  to  the  short  duration  of  the  experiment, 
and  for  more  accurate  purpose  "  compensators  "  have  been  devised. 
"Where,  however,  the  gas  to  be  measured  is  evolved  from  a  weighed 
quantity  of  a  licjuid  or  solid  (so  that  volume  and  weight  have  finally 
to  be  connected)  the  matter  is  different,  and  readings  of  thermometer 
and  barometer  have  to  be  made,  and  then  the  necessary  calculations 
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are  to  be  ^one  through.     Tables  of  reduction  have  certainly   been 

compiled    for    reduction    of     gasea    at    various    temi)eratures    and 

pressures,    but   still    readings   of  thermometer   and    ]>arometer  have 

to  be  made,  and  jwirt  of  the  time 

only  is  saved.     To  further  reduce 

the  time  (X'cupied  and  to  render 

the    technical     chemist    in    this 

tlojMirtment    to    a    great    extent  ■         '^^ 

indej)endent  of   temi)erature  and 

atmospheric  pressure  the  present 

a|)j)aratus  lias  been  constructed. 

By  means  of  a  T-tube  1)  (fig.  119), 
and  tliick-walled  rubber  tubing,  are 
cx)nne<rte<i  the  tliree  tubes  A,  B,  C.  A 
is  for  measurinj^  the  gas ;  it  may  be  any 
fonnof  nitrometer, a  B ante's  burette 
or  other  convenient  burette.  B  is  the 
"  reduction  tube,"  which  lias  at  its 
upper  end  a  spherical  or  cylindrical 
bulb.  The  vohune  to  the  first  mark  is 
lOJ  c.c,  the  remainin;^  narrow  portion 
of  the  tube  l)ein^  calibrated  up  to 
130-140  c.c.  in  divisions  representing 
1*5  c.c.  This  ''reduction  tube"  is 
set  once  for  all  at  the  beginning  of 
work  by  observing  thermometer  and 
barometer,  calculating  the  volume 
which  100  c.c.  of  perfectly  dry  air, 
measured  at  0**  C.  and  760  m.m., 
would  occupy  under  the  existing  con- 
ditions. This  quantity  of  air  is  then 
introduced,  and  the  tube  closed  by 
means  of  the  stop-cock  shown,  or  by 
fusing  up  the  inlet  (having  in 
place  of  the  inlet  tul)e  shown  in  the 
figure  a  tube  of  caj»illary  bore).  If  it 
be  necessary  to  measure  the  gas  moist 
a  drop  of  water  is  introduced  into  this 
tube,  and  of  course  in  the  calculation 
necessary  the  liarometric  pressure  must 
be  reduce<l  by  the  vapour  tension  of 
water ;  if  the  gases  are  to  be  measured 
perfectly  dry  (as,  for  instance,  when 
using  the  nitrometer  with  sulph^uric 
acid),  a  drop  of  sulphuric  acid  tiikes 
the  place  of  the  irater. 

G  is  the  pressure  or  levelling  tube. 

If  necessary  for  the  purpose  of  regulating  the  temperature  A  and  B 
may  be  surrounded  with  water-jackets.  A,  B,  and  C  are  supported  by  spring 
chimps.  It  is  easily  seen  that  when  by  raising  C  the  level  of  the  men^ury  in 
B  has  been  forced  up  to  the  mark  100,  exactly  the  amount  of  pressure  is 
exerted  by  C  as  will  compress  the  gas  in  B  to  its  volume  under  standard 
conditions. 

In  taking  a  reading  A  and  B  must  be  levelled  and  the  mercury  level  in  B 
must  liave  been  brought  up  to  100.  The  volume  shown  on  A  is  then  the 
volume  reduced  to  standard  temperature  and  pressure.  In  cases  where  the  gas 
is  generated  in  A  itself,  or  where  the  gas  is  transferred  to  A,  this  is  all  that 
ne^  be  done.    If,  however,  the  gas  is  generated  in  a  side  apparatus,  as  shown 

Q  Q  2 


Pig.  119. 
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in  Sg.  119,  A  and  C  miut  first  be  levelled  and  the  Btop-cock  of  A  then 
clo^  to  that  the  gtis  in  A  is  collected  st  stmospheric  pressure.  After  this 
reduction  msy  be  effected  as  already  explained. 

In  nitrogen  determinations  by  Dumas'  method,  A  contAins  i»u«tic  potash  u 
well  as  mercury ;  this  is  compensated  by  having  on  tbe  reduction  tube,  B,  a  mark 
at  a  distance  below  the  100  mark  e<]ual  to  nne-tentb  of  the  height  of  Ibe  cauitio 
pota»h  column  (sp.  gr.  of  the  caustic  potash  equaJs  one-tenth  sp.  gr.  of  merouiy) ; 
when  taking  a  reading  the  mercury  in  B  must  be  at  100,  and  that  in  A  must  be 
on  a  level  with  this  new  lower  mark  of  B.    Similar  allowance  may  be  made  in 


Fig.  120. 
nitromelric  detenninatinns,  bat  the  case  is  here  more  difficult,  owing  to  the 
variations  in  the  quality  and  specific  gravity  of  the  sulphuric  acid  used.  It  \a 
better  in  audi  cases  to  liberate  the  rsk  in  a  eeparate  vessel  and  transfer  Bubee- 
quently  to  the  burette  for  reduction  and  measurement.  Fig.  120  shows  a 
convenient  form  of  appamtuH.  Of  course  the  working  part  E,  F  need  not  be 
graduated.  Before  banning  the  operation  tbe  mercury  is  made  to  fill  B  with 
tbe  side  tube  n,  which  side  tube  is  then  capped  with  a  caoutchouc  stopper  to 
prevent  escape  of  the  mercury  during  subsequent  shaking.     A,  with  its  side 
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tube  f ,  is  also  completely  filled  with  mercury.  The  substance  under  examination, 
and  subfiequently  the  acid,  are  added  through  C  as  usual.  To  transfer  the  gas 
from  E  to  A,  the  cap  b  is  removed  and  a  is  fitted  to  0  by  means  of  the  rubber 
connection  d.  F  is  then  raised  and  C  lowered,  the  taps  are  carefully  opened,  and 
transference  effected  until  the  acid  in  £  just  fills  e. 

A  further  saving  of  time  may  be  effected  in  works,  whore  the 
instrument  is  to  be  used  for  always  one  and  the  same  object,  by 
marking  on  the  gas  biirette  or  nitrometer  the  weight  in  milligrams 
corre^jwnding  to  certain  volumes ;  this  may  be  done  either  instead  of 
or  alongside  the  c.c.  divisions ;  or  by  using  a  fixed  quantity  of 
substance,  percentages  may  l)e  marked  off  directly.  For  nitrogen 
determinations  by  Dumas' method  1  c.c.  of  nitrogen  under  normal 
conditions  weiglis  1*254  m.gm.  In  the  case  of  azotometric  determina- 
tions of  ammoniacal  nitrogen  (by  sodium  hypobromite)  the  graduations 
may  be  made  to  represent  ammonia.  Correction  must  be  made  in 
graduating,  however,  for  the  incompleteness  of  the  reaction.  Tables 
giving  the  corrections  have  been  introduced,  but  the  author  has 
shown  (Chem.  Iml.  1885,  165)  that  these  may  be  dispensed  with,  and 
that  it  is  sufficient  to  make  a  correction  of  2*5  j)er  cent.  For  urea, 
however,  the  correction  is  9  per  cent. 

The  following  table  shows  substances  for  which  gasometric  metho<l8 
are  used  : — 


Sabstancet. 


Organic  substances 
Ammonia  salts    . . . 

I  nne  

Bone-charcoal,  etc. 

Pyrolusite    

Bleaching  powder 
Potassium  i:)erman- 

ganate  

Chili  saltpetre* 

NitroiLs  l)odies    ... 


Nitroglycerol,    dy- 
namite, etc  I 


Basis  to  which 

Percentages  are 

Calculated. 


»> 


>> 


Nitrocellulose,  py- 
roxylin   


Nitrogen 


»> 


Ammonia 
Urea 

Carl)on  dioxide 

Calcium  carbonate 

Manganese  dioxide 

Chlorine 

Oxygen 

Sodium  nitrate 

N3O3 

HNOj 

Nitric  acid  36^  B. 

Sodium  nitrate 

Trinitroglyoerol 

Nitrogen 


Method 
Employed. 


Dumas' 
H3rpobrmte. 


>» 


)i 


Decomposed 
with  HCl 


i» 


Gas 
EYolYed. 


1  c.c.  of  Qas 
-m.gm.  of  Baals, 
(Col.  II.) 


ByHaO, 


i> 


I* 


Nitrometer 


n 
>» 


N 
N 

N 
N 

CO2 

CO2 
O 
O 

o 

NO 
NO 
NO 
NO 
NO 

NO 

NO 

NO 


1*261 
1-286* 
1-561* 
2-952« 

1-966 

4-468 
3-882 
1-5835 

0-715 

3-805 
1-701 
2-820 
6-330 
8-895 

3-387 

0-6267 

0-6267 


*  The  corrections  above  referred  to  hare  here  already  been  made. 

Japp  (/.  C.  S.  lix.  894)  describes  a  modification  of  Lunge's 
gas  volumeter,  by  means  of  which  with  accurately  gmduated  ordinary 
50  c.c.  gas  burettes  any  required  single  gas  may  without  observation 
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of  temperature  or  pressure,  and  without  calcTilation,  be  measured 
under  such  conditions  that  each  c.c.  represents  a  milligram  of  the  gas. 
The  name  "  gravivolumeter  "  is  appropriately  given  to  this  instrument, 
and  it  undoubtedly  possesses  this  advantage  over  Lunge's  instrument 
that  it  obviates  the  necessity  of  having  a  number  of  different  gas- 
volumeters  for  dili'erent  substances,  and  moreover  its  manufacture 
involves  no  large  amount  of  skill,  as  the  ordinary  graduation  in  c.c.  in 
tV  ^^  liV  ^^  ^^  ^^^^  ^^  required. 

The  apparatus  is  represented  in  fig.  121.  It  consists  of  two  gas  burettes,  of 
50  c.c.  capacity  each,  both  furnished  with  obliquely  bored  taps.  One  of  thefe 
burettes,  A,  which  has  a  three-way  tap,  is  the  gas  measuring  tube ;  the  other,  B, 
which  need  only  have  a  single  tap,  performs  the  function  of  the  regulator  in 


5^ 


1^ 


-M 


—  I 


B 


IS 


9S 


Fig  121. 

Lunge's  gas  volumeter,  and  may  be  termed  the  "regulator  tube."  As  in 
Lunge's  instrument,  Iwth  tubes  are  moistened  internally  with  a  drop  of  water, 
in  order  that  the  gases  they  contain  may  be  saturated  with  aqueous  vapour,  and 
both  are  connected,  by  means  of  stout,  flexible  tubing  and  a  T-piece,  with  the 
same  movable  reservoir  of  mercury,  C.  And  since,  in  certain  determinations, 
the  level  of  the  mercury  reservoir  is  considerably  below  the  lower  end  of  the  two 
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biirpttes,  and  an  inward  leakaf^ce  of  air  might  thus  occur  at  the  junctions  of  the 
burettes  with  the  india-rubber  tubing,  these  junctiouH  are  surrounded  with 
pieces  of  wider  india-rubber  tubing,  1>,  1),  tied  round  the  bottom  and  open  at 
the  top,  and  filled  with  water,  so  as  to  form  a  water  joint. 

The  25  c.c.  division  of  the  regulator  tube  is  taken  as  the  starting  [xiint  in 
calculating  what  may  be  termed  the  " gravivolumetric  values"  of  the  different 
gases  to  be  measured.  Thus  in  the  case  of  nitrogen  it  is  necessary  to  calculate  to 
what  volume  25  c.c.  of  standard  dry  nitrogen  must  be  brought  in  order  that 
1  c.c.  may  correspond  with  I  m.gm.  of  the  gas ;  that  is  to  say,  25  c.c.  of  standard 
dry  nitrogen  weigh  0001256  x  25  =  00314  gm. ;  and,  therefore,  these  31*4  m.gm. 
must  be  brought  to  the  volume  of  3r4  c.c.  The  division  31*4  on  the  regulator 
tube  is  marked  Nj.  Corresponding  ]M)ints  are  in  like  manner  detei mined  for  the 
various  other  gases  which  it  is  desireii  to  measure,  and  these  points  are  marked 
0-,  COj,  etc.,  as  the  case  may  be,  on  the  regulator  tube.  Finally,  the 
thermometer  and  barometer  are  read  (a  process  only  necessary  once  for  all  in 
setting  the  regulator),  the  volume  which  25  c.c.  of  standard  dry  air  would  occupy 
if  measured  moist  at  the  observed  tem|:>erature  and  ])ressure  is  calculated,  and 
this  calculated  volume  of  air  is  admitted  at  atmospheric  temperature  and 
pressure  into  the  regulator  tube  and  the  tap  closed.  The  instrument  is  now 
ready  for  use. 

Suppose  it  is  desired  to  ascertain  the  weight  of  a  quantity  of  nitrogen 
contained  in  the  measuring  tube.  The  mercury  reservoir  is  raised  or  lowered 
until  the  mercury  in  the  regulator  tube  stand  at  the  nitrogen  mark,  31*4,  at  the 
same  time  adjusting  the  regul.il(»r  tuln*  itself  by  raising  or  lowering  it  lx)dily,  so 
that  the  mt^rcury  level  in  the  nuiasuring  tube  and  the  regulator  tul)e  may  be  the 
same.  Under  these  circumttances  each  cubic  centimeter  of  gas  iu  the  measuring 
tube  represents  1  m.gm.  of  nitrogen.  For  since  in  the  regulator  tube  25  c.c.  of 
standard  dry  air  have  been  made  to  occupy  the  volume  of  31*4  c.c,  and  since  the 
gases  in  the  two  tul)es  are  under  the  same  conditions  as  regards  tem|>erature, 
pressure,  and  saturation  with  aqueous  vapour,  therefore,  in  the  measuring  tube, 
every  25  c.c.  of  standard  dry  nitrogen  liave  also  been  made  to  occupy  the  volume 
of  31*4  c.c.  But  25  c.c.  of  standard  dry  nitrogen  weigh,  as  we  have  seen, 
31*4  m.gm. ;  so  that  the  problem  is  solved,  and  the  cubic  centimeters  and 
tenths  of  cubic  centimeters  give  directly  the  weight  of  the  gas  in  milligrams 
and  tentlLs  of  milligrams. 

The  various  other  single  (i.^.,  unmixed)  gasi^s  may  be  weighed  in  like  manner 
by  bringing  the  nierciirv  in  the  regulator  tubt^  to  the  ** gravi volumetric  mark" 
of  the  g:is  in  question,  and  adjusting  the  levels  as  before.  An  exception  would 
be  made  in  the  ease  of  hydrogen,  which  would  Ikj  brought  to  such  a  volume  that 
the  cubic  centimeter  would  contain  a  tenth  of  a  milligram. 

Mixtures  of  gjises  may  also  be  weighed,  provided  that  the  density  of  the 
mixture  is  known. 

Ijastly,  if  the  mercury  in  the  regulator  tube  be  brought  to  the  mark  25  and 
the  levels  adjusted,  a  gas  or  mixture  of  gases  in  the  measuring  tube  will  have  the 
volume  which  it  would  occui)y  >"  the  standard  dry  state.  In  this  form  the 
instrument  is  merely  a  gasvolumeter,  as  describe<l  by  Lunge,  and  may  be  used 
for  ordinary  gas  analysis. 

The  experiments  nuule  by  »Japp  with  the  view  of  ascertaining  tITe 
(le^reci  of  accuracy  of  which  the  apparatus  is  capable  were  very 
satisfactory,  details  being  given  in  tlie  paj)er  mentioned.  The 
substances  experimented  on  were  Metliane,  with  a  gravi  volumetric 
value  of  17'9  ;  2sitrogen,  31*4  ;  Air,  32*35  ;  and  Carbon  dioxide,  49*3. 

The  measuring  tube  and  regulator  tube  were  held  by  a  double  clamp,  the  arms 
of  which  could  be  moved  horizontally,  so  as  to  admit  of  bringing  the  tubes  close 
together  when  necessary.  The  two  tul)es  were  so  arranged  that,  after  adjusting 
the  levels  and  asc«;rtaining  that  the  mercury  m  the  regulator  tube  was  at  the 
gravi  volumetric  mark,  it  w:is  {jossible  to  read  both  levels  without  moving  the 
position  of  the  eye.  The  object  of  this  was  that  any  possible  error  of  parallax 
might  occur  equally  and  in  the  same  direction  in  both  tubes,  in  which  case  the 
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two  errors  would  tend  to  neutralize  one  another  in  the  final  result.*  The  mercury 
reservoir  was  held  hy  a  clamp  attached  to  a  separate  stand,  so  that  in  the  case  of 
extreme  differences  of  pressure  the  entire  stand  could  he  placed  on  a  different 
level  from  the  rest  of  the  apparatus. 

Assuming  the  graduation  of  a  gravivolumeter  to  he  correct,  or  the  defects  of 
graduation  to  he  eliminated  hy  calibration,  the  sources  of  error  in  such  an 
instrument  are,  broadly  speaking,  four  in  number,  and  are  to  be  found  in 
imperfections  (1)  in  filling  the  regulator,  (2)  in  adjusting  the  levels,  (3)  in 
reading  the  regulator,  and  (4)  in  reading  the  measuring  tube.  The  first  of 
these  operations,  that  of  filling  the  regulator,  is  performed  once  for  all  with 
very  great  care,  and  may,  for  all  practical  purposes,  be  disregarded  as  a  source  of 
error.  Again,  in  adjusting  the  levels,  the  two  tubes  can  be  brought,  by  means  of 
the  double  clamp,  within  such  a  short  distance  of  one  another  that  the  adjust- 
ment is  also  practically  accurate.  The  real  sources  of  error  lie  in  the  two  last 
operations.  The  burettes  are  divided  into  tenths  of  cubic  centimeters,  and  can 
be  read  with  the  eye  alone  accurately  to  ^^f  c.c.  Calculating  this  error  on  25  c.o. 
as  the  average  volume  of  gas  contained  in  the  regulator  tube  and  measuring  the 
tube  respectively,  we  have  1/  (20  x  25)  =  -^^  as  the  error  for  each  tube.  But  as 
the  error  in  the  regulator  repeats  itself  in  exact  proportion  in  the  alten^  volume 
of  gas  in  the  measuring  tube,  we  must  add  the  error  of  the  regulator  to  the 
independent  error  of  the  measuring  tube,  in  order  to  ascertain  the  maximum 
error,  which  would  thus  be  ^^  ;  and  this,  calculated  as  assumed,  upon  25  c.c.  of 
gas,  would  be  equal  to  an  error  of  reading  0*1  c.c.  in  the  final  result.  An 
inspection  of  the  foregoing  experimental  results,  however,  discloses  the  fact  that 
the  maximum  error  is  only  half  this  amount,  or  0*05  c.c. ;  and  this  the  author 
attributes  to  the  fact  that,  owing  to  the  method  of  reading  employed,  the  errors 
of  raiding  in  the  regulator  and  measuring  tube  are  not,  as  assumed  in  the 
foregoing  calculation,  independent,  but  tend  to  neutralize  one  another. 

This  error  of  005  c.c.  is,  however,  the  error  of  reading  of  any  gas  burette 
which  is  read  with  the  eye  aloue;  and  the  gravivolumeter  may,  therefore, 
claim  to  possess  the  same  degree  of  accuracy  as  instruments  of  this  class 
generally. 

*  Suppose  the  eye  in  reading  to  be  too  high,  the  mercury  in  the  regiilator  would  stand 
below  tne  irrayiyohimetric  mark,  and  the  g&a  in  the  measuring  tube  would  consequently  be 
expanded  beyond  its  proper  volume.  But  owing  to  the  eye  being  too  high,  this  too  great 
Yoltune  in  the  measuring  tube  would  be  read  off  as  smaller  than  it  actually  is.  In  the  case 
of  equal  volimies  of  gas  in  regulator  and  measuring  tube,  there  would  thus  be  a  tot&I 
correction  of  the  error  committed  (since  the  two  tubes  are  of  equal  bore),  and  in  every  case 
a  diminution. 
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TABLB  for  Oorreatlon  of  Toltunss  of  Oaaes  for  Temperktnra, 
ftooording  to  the  Formal*  Vi= 


,1 ,.., 

W.d  +  g.i 

,    i    1.1. 

io,.a  +  »'t 

. 

14  81     rx*.  (1  + 1  (J 

O-J 1-0000000 
■l|l'0OO36(}5 
■210OU733O 
■a|l-0010995. 

-4'1 -0014660 

0000  0000 
IB'JI 
8182 

4772 
63112 

6-otr018325O 
-11101861115 
■2  1-0190580 
■3l-0l94ai5 
■*l-0197fll0 

5-K1-0201B75 
-61-0205240 
■71-0208905 
•S10212&70 
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0'007  8864 

0-OOe  0*27 
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10-0 

■2 

-1 

10366600 
1-0370166 
1  ■0373830 
1  ■0377496 
1-0381160 

001  e  0321 
7867 
9391 

0-0 1<;  0025 
2469 

o-B^fooissaa 

■61-002199( 
■710(WB6EE 
'81-OOZ9SaO 
■fll-0082086 

7951 

9640 

0-001  1128 

2715 

4302 

6672 
8232 
9791 
0-009  1360 
2900 

10-5 
-6 
■7 
•8 

10-9 

1-0384825 
10388490 
10392155 

1039582UI 
l-031«t485 

3902 
6624 

7056 

8688 

0-017  0118 

iVl -0036660 
■1I-00*OS16| 

Vi'ootaseol 

■3;1-0017645 
■♦1-0051310 

0001  6883 
7473 
9068 

0-002  0643 
2227 

60 

■! 
•3 
•4 

1-02199011 
1-0323665 
1-O227230 
10230695 

1-023*660 

0-009  4466 
6024 
7580 
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0-OlU  0692 

11-0 

-1 

■■ 

1-0-W3IW 

1-0406815 
1-0410480 
1-0414146 
1-0417810 

0  017  1648 
8178 
4708 
6236 
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l-61-0t.5i97B 

-eroobSOM 

■71 -0062306 
■81-0066fl70 
1-9  10009686 

3810 
53113 
6974 
8556 
0-008  0137 

66 

■6 
■7 
"B| 

6-B 

1  ■0238225 
1-0241890 
1-0246665 
1-0240220 
10252885 

2247 

3801 
6355 
6908 
8461 

11-5 

■: 

■8 
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■  0*31475 
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r0432470 
1^0430136 

9S92 

0-018  0819 

2816 

8871 

6897 

2-0  1-OO733O0 
-1 1-007B906 
-21-0080630 
■3  10084206 
■4  1-00BT960 

0003  17  IS 
32!<8 
4877 
6455 
BOSS 

70 
■2 

1-0256560 
1Q2C021& 
10268880 
10267545 
10271210 

0-011  0013 
1565 
3116 
4666 
6216 

120 

■i 

1-0439600 
|-0443«ifi 
1-0147130 
1 -0450796 
1-O454460 

0-018  6922 
B44« 
9970 

0019  1493 

3016 

a-6  1-0091626 
•61-OO96290 
71-0098966 
■8  10102620 

W  1-0106288 

9611 

0004  1188 

2764 

4340 
69H5 

7-6 
■6 

■: 

7-9 

1-0274876 
1-02785*0 
1  ■0282206 
1-0285870 
1-0289535 

7765 
8814 
0-012  0863 
2410 
3957 

12  e 

-6 
7 

■8 
12-9 

10468126 

1-0461700 
10465466 
1-O46QI20 
10472785 

4538 
6060 
7581 
9102 
0-020  0622 

S-G  I'OIOMH 
-1 1-OllUIG 
-21-011TS80 
■310120WB 
■i  1-0124610 

0-004  7490 
9064 

0006  0638 
2211 
3783 

8^0 
•! 

1-0293200 
1-0296S65 
1-Oa.0i30 
r0804l9B 
1-03U7860 

0-012  5504 
7060 
8596 

0-013  0141 
1686 

13'0 

"A 

-31 
-4 

rO476460 
l'U4»0H5 
1-0483780 
1-04874*6 
10491110 

0-020  2141 
8«t!0 
6179 
6697 
8214 

8-6  1-0128276 

-6  roigiow 

■7  10186606 
■8S-0180270 
3-9  1-0142995 

6886 

6926 

84»7 

0-006  0067 

1636 

8^dl-08n52S 
■6'l-0316190 
•711-0318856 
■81'08226S0 

8*9.10326185 

3229 
4772 
6815 

7857 
9899 

136 

-s 

13-9 

1-0494776 
1-0498440 
I  0502106 
1 -0505770 
1-050943B 

9731 
0021  12*8 
2764 
42711 
679* 

4-0  1-0146600 
-1 1-0IG026G 
-2  1-0153930 
■8  10167605 
■410161260 

0-006  3205 
4774 
6B42 
7909 
9476 

9-010829850 
■lr0333616 
'21-0337160 
■3'1-03W845 
■*  1-0344610 

9-ar034817B 
-01-0351840 
7r086&505 
■8,1-0369170 

9!l  1-0362835 

0014  0940 
2481 
4021 

55(M 
7009 

140 

-2 
■3 
■4 

1-0513100 
1-0B10766 
i'062O18( 
r0B24O9B 
l-05277Gl> 

0-021  7308 
6822 

0022  0336 
1848 
SSGO 

4-6  1'0I048S5 
■6  1-0188690 
■7 1-0172255 
-8 1-0176980 

4-9^l'0I79686 

0007   1043 

2(i07 
4172 
6737 

7801 

8638 

0-016  0175 

1713 

4786 

14-5 
-t. 

7 

■8 
14-9 

1-0631425 
I-0B36090 
1-0538765 
10642420 
1-0546065 

4871 
6382 
7893 
9*08 
0-023  0193 
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TABIiE  for  Correotiou  of  Tolumea  of  GaseB— (!oi>/ii»«if. 


t    1    1  +  ii 

Los.  a +  8.) 

1        l+Bl    [l«g.(J-i-S.| 

25-0 

l  +  Sl 

Log.a  +  st, 

15-01-OBJ97BO 

0*23  2422 

26O-1-O73O000  0-030  7211 

10016250 

0038  0734 

■1  l-05534Ii> 

3930 

-11-0736666,              869-1 

-110919915 

2192 

■al-0557080 

5438 

■21-0740330, 0-031  0176 

■2r092358il 

3650 

0946 

-31074399B 

1658 

■3r0927245 

6107 

■4^'05(M4H) 

845S 

-4  1-074706' 

3139 

■Jl-0930910 

6563 

15-5 

10568076 

9959 

20-61^O751325 

4620 

25-5]l-093457S 

-ffll-0938240 

802O 

■6 

1-0S7174O 

0D24  14-iS 

■61^O764090 

6100 

9*74 

■7 

1-0575405 

2970 

-7  1-0758655 

7580 

■71-0941903 
-8l  [■0945570 

0039  0929 

■8 

1-0579070 

447S 

■8  1-0762320 

9059 

2384 

16-e 

10582735 

6979 

20-91^0765985 

0-032  0538 

■oil  0940335 

3838 

IGO 

1-0686400 

0-024  7483 

21-0  1-0769650 

0-032  2016 

26^011)^>.-.2',HW 

O-O30  6291 

10590066 

898G 

■11'07733I5 

3493 

■ii(i-.i.-,i;rn;3 

6746 

■a 

10598730 

0-025  0489 

■2  1  0776980 

4971 

■:!|i,r...-.,::;i,) 

S197 

■3 

1-0507305 

1991 

■31-0780y4r, 

6447 

•3  1  iK(-'.;is:tr. 

9649 

■+ 

1-oeoioGo 

3493 

-41078131G 

7924 

■4lO'.N;;5'kl 

0040  1101 

16-6 

1-06O4725 

499+ 

2I-51078797S 

0899 

m:Uvi)i\22:, 

2551 

■6 

1-0608390 

6495 

■0  1-0791640 

0-033  0874 

•lillU'.'Tt-MH) 

4002 

■7'1'06I20S5 

7995 

2340 

■7jl-(r.i7s.-.r,.-. 

5452 

■8 

10616720 

9495 

0901 

16-9 

1-01319365 

0-026  0994 

2r91-O80263S 

5208 

■t^i-uityjissj 

8351 

170 

1-0623060 

0-026  2492 

22-0  1O8063OI 

0^033  6771 

27'0IO'.Wfi.'.,iO 

OTMO  9800 

■1 

1-0626715 

8990 

■1 1-U809065, 

8243 

■iio;y;!2i5 

0-041  1247 

■2 

1-0630380 

S488 

■2  10813680 

9715 

r0it9U8«0 

■3 

1-063404B 

6085 

■3 1  08 17295 

0^034  HS6 

■3 

riOOU645 

4143 

■4 

1-0637710 

8482 

■4  1-O82OB60 

265S 

-4 

MOO+210 

S589 

17S 

1-0641375 

9978 

22-5 1-0824625 

4129 

27-5 

11007875 

7036 

■6 

106*5010 

0-027  1473 

■610828290 

6598 

1-101 15-H) 

8481 

■7 

1-0648705 

2968 

-71-0831955 

7060 

riui,->2i..-, 

9926 

•8 

1-0663370 

4462 

■81-0835620 

8538 

0MM2   1371 

17-9 

1-0656035 

595G 

0035  0006 

■IM  lu^f^.-);!:. 

2815 

180 

1-O65970O 

0-027  7450 

23-0 1-0842950 

0^O35  1475 

2.;l  110.6.00 

0042  4269 

1-0663365 

8943 

■1 1-0846615 

2912 

1-1O20R65 

5703 

■2 

1-O68703O 

0-028  0435 

■210850280 

4409 

-2 

fl  0335.30 

7145 

■31 -0670096 

1927 

■3  1-0853943 

6876 

■3 

1-1037195 

8587 

■4[1W74360 

S418 

■4  10867C10 

7342 

■4 

M0408<K] 

0043  0020 

ia.5 

1-0678025 

4900 

23-^1-0861275 

8808 

as^s 

1-1044625 

1471 

■(. 

1,0681690 

640U 

■Q 1-0864940 

O^OSO  0273 

■6 

11048190 

2911 

■7 

1-0685356 

7SSft 

■71  0808605 

1738 

■7 

1-1051855 

4362 

■8 

1-0680020 

■8  I  08722701 

3203 

■8 

M055520 

5792 

18'91'0692686  0'020  08US 
19-C(rOG9f.36a  0-029  23511 

23^9  1^087693B 

4666 

■9 

1-1069185 

7231 

24-0.1  ■0879tWI 

0-030  6129 

29-0 

M062S50 

0*13  8071 

■lll-O7OU015l            384* 
-l!ll'0703<;8a'              6331 

■1 1-08832B& 
■21-0886930 

7693 

■1 

I-10B661S 

0-044  0109 

9054 

■2 

11070180 

1546 

■310707345'              tiSlM 

■31^O80O595 

0-037  0517 

1 -1073845 

2985 

■41-U71101u;              R304 
19-51071Hi7a            9700 

■410894260 

11I7M 

•4riM;7.-,nt 

4422 

24^5Jr0807935 

8438 

29-5  1  lt'!Tlll7o 

6858 

■610718340  0-030  1275 

■frl -0901590 

4899 

•liriUMS40 

7295 

71^0721«»5j            27IM 

■^l-0906a55 
-^l-0908920 

6350 

-71  1088505 

8730 

■B1'0725670              42M 

7817 

-811092170 

0M5  0165 

19^91-O7203ar>'            6728 

-9rolH25B& 

9277 

■9|l-1005835 

1600 

80-01-1009600 

00-16  3035 
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TABZ/B  for  Oorreotion  of  TolamM  of  Oases  for 
Temperature,  giving  the  Divisor  for  the  Formula 


JWx 

Lo«.[7Wx 

^ 

7WK 

LcpSO^ 

^ 

760  X 

LoR.CJWs 

' 

(i  +  h). 

ti  +  iin. 

(I  +  «')- 

(1 +«(!]. 

(l  +  « 

(1  +  »01. 

tyo 

reoixxw 

1-8809186 

4o!77ri41fi 

J-8S7  1941 

8-0 

7822832 

2-893  3040 

■'. 

760-6671  a-881iail) 

■1771-420] 

2910 

-11782-6617 
-2pB2-84ft-! 

5186 

■2771-6987 

4478 

6732 

•i 

760-835C 

290H 

-3|771-'J772 

6044 

-3 

17831188 

8276 

■■* 

701-1142 

449S 

■4772-2558 

7611 

■* 

783-3974 

9821 

0-h 

76r3f(27 

60H7 

4-5 

;72^53IS 

9178 

8-5 

783-6769 

2-804  1366 

•ii|7i:i-67l2l 

7(iT<l 

■6 

m^8128 

2-8880743 

793-9544 

2008 

-7r7«l-W9» 

921.14 

■7 

7730914 

2309 

■7 

?84-2330 

4462 

■B  r62228a 

i-8820S.-.l 

■8 

773-SS9S 

3872 

■8 

7845116 

6994 

■a  7G2'606ff 

2437 

■9 

?73-«480 

6437 

-9 

784-7901 

7536 

1 11.7037854 

2-882  4024 

6-0 

773-9270 

li-888  70O0 

9-0 

785-0686 

2-894  9076 

■P]7ll30li3» 

6<)l(l 

■1 

774-ai5S 

8563 

■1 

785-3471 

26950617 

71!'l 

774-4841 

2-8890126 

■2 

786-6267 

2167 

•:(|Te;f6Kiit|        mi'.' 

■i 

774-7626 

1686 

■3 

786-0042 

■*7t;3-8!'iK;^-8S3  oa.12 

'* 

r76-0412 

8248 

•4 

786-1828 

6236 

r5J7lM'17«i;          1»17 

6'S 

r75'3197 

4806 

9-S 

786-4613 

6774 

>h.Hi:^ 

;i52s 

776'5982 

6368 

■f 

sail 

5111 

776-8768 

7927 

■7 

787018, 

9849 

•«,TC50137 

0tiP2 

770-1653 

9487 

■^ 

787-2909 

2-896  1386 

■fl7e5'B92a 

8273 

■! 

770-4339 

2'8S0  1044 

■9 

7876755. 

2923 

2-W«6'570B 

2-883  9H&4 

6-0 

776-7124 

2-890  2602 

100 

787-8640 

2-896  4467 

■1765'SMt3 

2'81»4  Lm 

7769909 

4159 

■1788-1325 

5993 

■»7se-ia79 

3U13 

-;^777-2.!95 

6710 

-^7884111 

7628 

■3176<i'40W 

45!H 

■3iT77  5480 

7272 

■3788'e896 

9061 

-4poe*<jaw 

6170 

■J777-826C 

8828 

•4]788-9682 

2-867  0695 

2H7Ge-i>fl8fi 

7747 

C-5j778'1051 
■6|778-383( 

2-801  0883 

10-6|789-2467 
■01789-5252 

■71789-8038 

2128 

■mtnuao 

9323 

1037 

3060 

■77i;7-680h 

2-e»5O0OU 

■7j778-li(J22 

3491 

5192 

■^7U7'7«ii 

247''. 

■tJ778^<M07 
-i'77!f2l!l3 

6044 

■&790-O823 

6724 

■9768-0777 

«J52 

6597 

■9790-300! 

8265 

ao769'awa!2'885  5fi2.; 

7-0^771)-4i)78 

2-891 8149 

11-0,790-6384 

2'897  9785 

■l|7Cf(-fl3-l7           TB'HJ 

-l|779-77li: 

0701 

■1790-9179 

a-898 1315 

■!!768'flia3'          8772 

2-892  1251 

-2,7!tl-19l!6 

2844 

■3,7(l!>lylS2-88(i(XW7 

■a78U'3334 

2802 

■3701-4760 

4373 

■4,7tiy4704 

ii»in 

■4|7«0-6i2i 

4352 

■4791  ■753t 

5901 

3&7i;it-7*81 

:u3i 

7-a780-8005 

6901 

ll-5Wo321 

7428 

•li!770'0274 

a>;i 

■6,781-1690 

7460 

-6|792-310(. 

8964 

■7|770-30ila 
■»77tf58« 

H«33 

■7781-447*. 

8998 

■7792  5892 

2-8990462 

8203 

■8781-7261 

2  8930547 

■8792-8077 

2006 

•a770'8«3l 

9773 

■9|782-0O47 

2091 

■97931403 

1 

3534 

604 
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TABLE  for  Oorreotion  of  Volumes  of  QeLsea—etmeinued, 


•1 


120  793-424812  899  5057 

6588 

•    8106 

9629 

-539012*900 1153 


2798 


3794 


4794- 


12-61794  8175 
•6795-0960 
•7795-3746 
•8795-6531 
-9795-9317 


-1 


13-0I796-2102  2-901 0277 

1796 
3316 
4838 
6351 


796-4887 
-7673 
-0458 
4797*3244 


2796- 
3797* 


13-5  7976029 


67978814 


7867 
9383 

•7798-160012-902  0900 
8798-4385  2415 

9798*7171  3931 


•1 


-3 


•1 


7eox 

{i  +  «t). 


793-7033 
•9819 
•2604 


140798*99562*902  5444 

1799-2741  6958 

2799*5527  8471 

3799*8312  9983 

•41800*10982*9031496 


14-5800*3883 
•6800-6668 
•7800*9454 
•8801*2239 
•9801*5025 


15*080r78102*904  0557 

2067 
8574 
5081 
6589 


802*0595 
3881 

802-6166 
8952 


4802 


16-5I8031737 
4522 


6803- 


81804-0003 
2879 


9804- 


16-0j804*5664|2'905  6618 

7122 

8625 

4020I2-906  0127 

1629 


804*8449 
1235 
8805* 
4805-6806 


Log.  [760  X 
(1  +  «t)]. 


2674 
4196 
5717 
7238 
8758 


3008 
4518 
6029 
7639 
9049 


8095 

9601 

7808-7308|2*9051106 

2612 
4116 


760  X 

(1  +  «a 


16-5  805-9591 12-906  3131 

4630 
6131 
7631 
9130 


•6806-2376 
•7  806-5162 
•8  8C  6  7947 
•98070733 


17-0|807-3518  2-907  0627 

2126 
3624 
5121 
6617 


1807-6303 
•2807-9089 
•3808-1874 
•4808-4660 


17-51808-7445 
0230 


•1 


8114 

9609 

718093016  2908 1103 

2599 
4092 


6809- 


8809- 


)-5801 
•9809-8587 


810-4157 
2810-6943 


18081013722-908  5586 

7079 

8572 

31810-97282-9090063 

4811-25141  1554 

18-5811-5299 
■6811*8084 
-7812-0870 
8812-8655 
9812*6441 


•1 


190812*922612-910  0492 

1980 
3468 
4953 
6440 


813-2011 
•2813-4797 
•3813-7582 
•48140368 


19-6814-3163 
•6814-5938 
-7814- 
-88151600 
•9815-4295 


•1 


2O-0I815-7080 
815-9865 
2|816-2651 

64361 


3816* 


20-6I81M007 
6817*3792 
78176678 
88179363 
9818*2149 


Log.  [760  X 


3046 
4535 
6026 
7615 
9004 


7927 
9411 
872412-911 0896 
2380 
3865 


2-911  5347 

6830 

8313 

9794 

4i816'8222(2'912  1276 


2766 
4236 
6716 
7196 
8^74 


210818-4934|2 
•1 818-7719 
•2819-0605 
•3819-3290 
•4819*6076 


21-5  819*8861 
•68201646 


•8820-7217 
21*9821*0003 


7635 
9010 

820-44322-9140485 
1959 
3434 


•1 


760  X 

(I  +  «tj. 


Log.  [760  X 
(1  +  «0]. 


22  0|821-2788  2914  4906 
-6573  6379 

-8359  7852 

•1144  9322 

39302-915  0794 


1821 
2821 
3822 
4822- 


22-5822  6715 
6822-9600 
823-2286 
8823-6071 
9823-7867 


23-0|824-0642  2-916  9610 

34272-916  1078 

2546 

4012 

6478 


•1824- 

•2  8246213 

•3824-8998 

•48251784 


23*5  826-4569 
6825-7354 
014( 


7826* 
8826 


•292o 


•9'826-57ll 
24-08268496 


8271281 
2|827-4067 
•3827-6852 
-4827- 


24-5828-2423 
*6|828*6208 
-7828-7994 
•88290779 

24  9829'3665 


25*0|829*6360|2-918  8871 
1829  91352*9190329 
2830*1921  1786 

88804706  3242 

4830*7492  4699 


913  0152 
1629 
3107 
4584 
6059 


2265 
8734 
5204 
6674 
8143 


6944 
8409 
9874 
12*917  1839 
28o2 


2917  4265 

5728 

7191 

8652 

96382918  0114 


1574 
3034 
4495 
5953 
7413 
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TABLE  for  Oorreotion  of  Volumes  of  QB^B—eonUmufd. 


760  X 
(1  +  »0. 


25-5  831027712 
•^83r30(>2 
'71831  5848 
'8^31*86332 

2598321419 

2(>'0]832'4204|2 
•1  832  69S9 
•2832-9775 
'3833  2560 
*4833-534<) 


26-5 
'6 


5833 


8131 
8340916 
•3702 
8|834'6487 
26'9  834-9273 


Log.  r760x 

(l  +  «t)]. 


{'919  6155 
7610 
9065 

5'920  0520 
1974 

'920  3427 
4880 
6333 
7784 
9236 


2-921 0688 
2137 
3588 
5038 
6487 


760  X 
(l+8t) 


Log.  [760  X 

(1  +  «(J. 


'20582*921  7935 
'4843'  9384 

7629;2'9220831 


270835 
'l|835 
'2835 
'3»36 

'4^886 

27-5836 

'6»36 

'7,837 

'«837 
27-9'837*7127  2*923  0961 


-0414 
3200 

•5985 

8770 

1556 

-4341 


2279 
3725 

6172 
6616 
8062 
9607 


280837-9912 

1838-2697 
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Ej?>fertz's  colorimt'tric  ostiniation  of  carbon  in  steel          -  -  231 

Ether  value  of  fats  and  waxen                .                .                -  -  380 

Eudiometer,  method  of  filling  the          ...  -  520 

Factoni  for  calcuLati(»n  of  analyses          -                -                -  29,  498 

E»ti»,  technical  examination  of                .                -                .  .  378 

Fehling's  sohition.  pre))anition  of      -                -                -  -  311 

Ferric  indii^tor  for  V<»1  hard's  process               -                -  -  146 

Ferric  sulpliate«  pure,  preparation  of     -                -                -  -  361 

Ferricyanide,  ])ota8sium.  estinuition  of  -                .                -  -  210 

Ferric^'auid**,  reduction  to  ferrocyanide                 -                -  -  211 

Ferrochrome,  estimation  of  chnmiium  in               -                -  -  182 

Ferro<'yanides,  ]K)taH.sium,  oxidation  of  by  perman^nate      -  -  209 

Ferro«^yanides  in  alkali  wn»*t**                  -                -                -  -  210 

Filter,  Beale's      -                -                -                -                -  -      18 

Flanks,  ^^raduated   -                -                -                -                -  -15 

Flasks,  (H^uated,  calibration  of            -                -                -  -      18 

Float,  Erdmann's                -                -                -                -  -      17 

Fluorides,  estimation  of         -                -                -                -  -  100 

Formaldehyde,  estimation  of                  .                .                .  -  368 

Formic  acid,  estimation  of      -                -                -                -  -  108 

Forschammer  or  oxym'en  j>roc(ss  for  craters       -                -  -  464 

Fran k land  and  War <rs  gas  apfiaratus               .                .  -  648 

Free  acid  in  alum  <'ake,  i*stimati(»n  of    -                -                -  -  148 

Free  acid  in  urine,  estimation  of            -                -                -  -  416 

Gas  analysis,  exam]>leH  of  calculation  of  r»'sults    -                -  -  540 

(tas  analysis,  normal  solutions  for          -                _                -  -  582 

Gas  apiArat  us.  Lunge's       -----  577 

(•as  apparatus,  Orsat-Luntre'»i           -                -                -  -  577 

Gas  buri'tte.  Hem  pel's        -----  583 

(•as  pipette,  11  em  pel's         -----  584 

(•as  pi{)ette,  Hem  pel's,  Bedson's  improvetl  form  of        -  -  589 

(was  pi|>ette,  Winkler's        -                -                -                -  -  580 

(iase»  estimated  diretrtly  and  indirectly,  lists  of     -                -  -  524 

Gases,  indin»ct  detenninations  of            -                -                -  -  531 

(ia'ws,  reduction  of  volumes  to  normnl  pressure    -                -  -  522 

(lases,  simple  titration  of        -----  581 

(iases,  volumetric  analysis  of                  .                -                -  -  511 

(»as  li({Uor  (see  anunoniaml  gas  liquor) 

Gasvolumeter,  Lunge's        -                -                -                -  -  594 

Gasvolumeter,  Lunge's,  Japp's  modifi(.^tion  of                 -  -  597 

Giles's  measuring  flask        -                -                -                -  -       15 

Glucose,  estimation  of  by  Feb  ling's  solution     -                -  -  311 

Glucose,  estimation  of  by  Feb  ling's  solution  (Caven  and  Hill)     -  314 

Glucose,  estimation  of  by  Gerrard's  cyano-cupric  process  -  321 

Glucose,  estimation  of  bv  men-urv        -                -                -  -  316 

Glucose,  estimation  of  by  Pavy's  modified  Fehling  pn)cess  -  319 

Glucose,  Sidersky's  method  '             -                -                -  -  318 

Glucose,  cane  sugar  and  dextrin,  estimation  of      -                -  -  321 

Glycerine,  determination  of   -                -                -                -  -  372 

(•lycerine,  use  of  in  titrating  borir  acid                 -                -  -       14) 

Gold,  estimation  of  -----  212 

(Jraduated  instruments,  the  correct  reading  of      -                -  -       16 

(iraduat<»d  instrument**,  instructions  for  preparing,  etching,  etc.  -  511 

(i  ri ess 's  j»nx*es8  for  estimation  of  nitrites           .                -  -  448 

Hardnt^s  of  water,  before  and  after  boiling,  estimation  of    -  -  478 

Hardness  of  water,  Clark's  i»rocess  for  estimation  of           -  -  451 

Hardness  of  water,  Hehner  s  process  for  estimation  of      -  70,  503 

Hardness  of  water,  reagents  for              -                -                -  423, 472 

Hardness  of  water,  remarks  on  the        -                .                -  -  461 
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Hardness  of  water,  table  of    -               -               -  -  -  495 

Hem  per  8  gas  apparatus      -----  677 

H lib r 8  solution,  preparation  of            -               -  -  -  338 

Hydrochloric,  hydrobromic  and   hydriodic  acids,  direct  gasometric 

estimation  of  -               -               -               -  -  -  525 

Hydrofluoric  acid,  estimation  of            -               -  -  -  109 

Hydrogen ,  B  u  n  s  e  n '  s  electrolytic  apparatus  for  prepari ng  -  -  532 

Hydrogen  peroxide,  estimation  of          -               -  -  -  290 

Indicators,  choice  of               -                -                -  -  -  38 

Indicators,  extra  sensitive      -                -                -  -  -  36 

Indicators,  general  characteristics  of      -                -  -  -  38 

Indicators,  G laser's  classification  of    -                -  -  -  41 

Indicators,  summary  of  Thomson's  results  with  -  -  37 

Indigo,  valuation  of                -                -                -  -  -  375 

Indirect  processes  of  analysis                 -                -  -  -  30 

Indirect  estimation  of  ];)otash  and  soda                  _  -  -  143 

Inorganic  nitrogen,  total,  in  waters       -                -  -  -  459 

Instruments  graduated  on  the  grain  system          -  -  -  25 

Instruments  graduated,  the  correct  reading  of      -  -  -  16 

Iodides,  bromides  and  chlorides,  estimation  of  in  mixtures  -  -  216 

Iodine  and  sodium  thiosulphate,  principle  of  use  of  -  -  131 

Iodine,  combined,  oxidation  of  by  chlorine          -  -  -  218 

Iodine,  combined,  oxidation  of  by  permanganate  -  -  219 

Iodine,  decinormal  solution,  preparation  of           -       '  -  -  132 

Iodine,  estimation  of  by  decinormal  silver           -  -  220, 302 

Iodine,  estimation  of  by  distillation      -                -  -  -  214 

Iodine,  estimation  of  by  nitrous  acid  and  carbon  disulphide  -  219 

Iodine,  titration  of                 -----  217 

Iodine  value,  of  oils  and  fats                 -                .  -  -  388 

Iron,  estimation  of  by  bichromate  (Penny)        _  -  -  129 

Iron  (ferrous),  estimation  of                  -                -  -  -  220 

Iron  (ferrous),  reduction  from  ferric    -               -  -  -  221 

Iron  (ferric),  estimation  of  ^dth  iodine  and  thiosulphate  -  -  225 

Iron  (ferric),  estimation  of  colorimetrically          -  -  226, 227 

Iron  (ferric),  titration  of  by  sodium  thiosulphate  -  -  224 

Iron  (ferric),  titration  of  by  stannous  chloride    -  -  -  129 

Iron  (fen*ic),  titration  of  by  titanous  chloride     -  -  -  223 

Iron  in  silicates,  estimation  of               -                -  -  -  230 

Iron  in  waters,  estimation  of               -               -  -  -  454 

Iron  ores,  analysis  of              -                -                -  -  -  227 

Reiser's  j>ortable  gas  apparatus           -                -  -  -  572 

Kjeldahl's  method  for  nitrogen         -                -  -  -  82 

Kjeldahl-Guuning  process               -                -  -  -  86 

Kjeldahl-Gunning,  Jodlbauer  process        -  -  -  87 

K nap p's  standard  mercuric  cyanide  for  sugar    -  -  -  31G 

Lacmoid                  -                -                -                -  -  -  36 

Lacmoid  i)aper        -                -                -                -  -  -  36 

Lactose  and  sucrose,  estimation  of         -                -  -  -  322 

Lead,  estimation  of                 -----  232 

Lead  in  citric  and  tartaric  acids,  estimation  of      -  -  -  234 

Lead  in  waters,  colorimetric  estimation  of             -  -  235,  464 

Lemon  juice,  estimation  of  citric  acid  in              -  -  -  108 

Lime  juice,  estimation  of  citric  acid  in                 -  -  -  108 

Lime  and  magnesia  in  urine,  estimation  of            -  -  -  413 

Litmus  paf)er         -               -               -               -  -  -  32 

Litmus  solution      -               -               -               -  -  -81 
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Ma^neHium,  eHtiniaiion  of  in  neutral  soluble  mIIh 

Ma^neHiiim,  estinuitioh  of  (Meade)      -  -  - 

Magnesium  in  waters,  estimation  of       -  -  - 

Man^nese,  estimation  of  by  conversion  into  permanganic  aind 

Manganese,  estimation  of  in  small  quantities 

Manganese  ores,  tecbnii^l  examination  of 

Manganese,  iMTnmnganate  method  (Vol hard)     - 

Manganese,  preitipitation  ]>nK'ess  ( Pa  1 1  i  n  s  o  n )    - 

McliCod's  gjis  apparatus      -  .  .  - 

MenistMis,  ern>rof  -  -  -  -  - 

Mercury,  (estimation  as  mercuric  iodide 

Mercury,  estimation  as  mercurous  chloride 

Mercury,  table  of  density  and  volume  of  -  - 

Methyl  orange        -  .  -  -  - 

Methvl  salicylate,  estimation  of  -  -  - 

Metnc  system         ----- 

Microecopic  examination  of  defiosits  from  waters  - 

M  i  1 1  o  u  s  base,  use  of  - 

Milk  and  cane  sugar,  estimation  (»f        - 


Paqb 

-  69 

-  235 

-  454 

-  241 

-  243 
244-247 

-  240 

-  237 

-  550 

-  519 

-  249 

-  247 

-  523 
.  34 
.  398 
.  22 

-  480 

-  48 

-  322 


Nessler's  solution,  preparaticm  of        -  -  -  417,471 

Nickel,  estimation  of  -  -  -  -  -    251 

Nitrates,  estimation  of  a««  ammonia  by  copi>er-zinc  couple    - 

Nitric  acid,  iiMlometric  estimation  of      - 

Nitrites,  estimation  by  Gri ess* s  process  -  -  . 

Nitrites,  estimation  by  Griess-Ilosvay  method 

Nitrites,  estimation  by  iodometric  method  ... 

Nitrites,  estimation  by  potassium  iodide  and  starch 

Nitrites,  alkali,  estimation  of  .... 

Nitrites,  mixtures    of    with    alkaline    sulphites    and    thiosulphates, 

estimation  of  - 
Nitro  and  nitroso  compounds,  titration  of  - 

Nitrogen  including  nitrates,  Kjeldahl-Jodlbauer  process  for 
Nitrogen  in  organic  substances,  Kjeldahl  process  for 
Nitrogen  as  ammonia  in  waters,  estimation  of 
Nitrogen,  loss  of  by  eva]K)ration  of  ammonia 

Nitrogen,  rfxluction  of  «•  c.  to  grams.     .  .  -  - 

Nitrogen  as  nitrates,  (M)lorinuitric  estimaticm  of  (Sprengel) 
Nitrogen  as  nitrates,  estimation  by  conversion  into  ammonia 
Nitrogen     as    nitrates,    estimation    hy    ()xidation    of    ferrous    sail,** 

(Pelouze)     ------ 

Nitrogen  as  nitrates,  estimation  by  Srhl6sing*s  method   - 

Nitrogen  as  nitrates, estimation  by  risch's  method 

Nitn)gen  as  nitrates  in  fertilizers,  estimation  of    - 

Nitrogen  as  nitnites  in  fertilizers,  technical  estimation  in  presence  of 

ammonia  ...... 

Nitrogen  as  nitrates  in  wat4*rs,  aluminium  method  for, 
Nitmgen  as  nitrates  in  waters,  indigo  method  for 
Nitr«)g(*n  as  nitrates  in  mossy  or  (Ksity  waters,  i*stimation  of 
Nitn)gen  as  nitrates  and   nitrites,  gasometric  estimation  as  nitric 

oxide  (Crum) 
Nitrogen  as  nitrates  and  nitrites  in  waters,  estimation  of     - 
Nitn)meter  ...... 

Nitnmieter,  Lunge's  improvfjd  .  .  .  _ 

Normal  solutions,  meaning  of  tenn       -  .  -  - 

Normal  solutions,  list  of        . 

Noniuil  solutions,  preiKiration  of  -       .  - 

Nonual  ammoniumH*o])iH.'r  solution,  ])re|>aration  of. 

Normal  caustic  pota^h,  prejxiration  of   -  -  -  - 

Nonnal  caustic  soda,  preparation  of       - 


446 
176 
44S 
449 
270 
449 
273 

274 
.  366 

-  87 
82 

42.'),  458 
493,494 

-  492 

-  268 

-  254 

256 
260 
266 
266 

267 
474 
475 
479 

267 
443 

590 
592 
2() 
28 
42 
40 
4S 
48 
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Normal  hydrochloric  acid,  preparation  of              -                -  -  47 

Normal  nitric  acid,  preparation  of         -                ...  -  47 

Normal  oxalic  acid,  preparation  of         -                -                -  -  47 

Normal  potassium  carbonate,  preparation  of         -                -  -  44 

Normal  sodium  carbonate,  preparation  of              -                -  -  44 

Normal  sulphuric  acid,  preparation  of                    -                -  -  44 

Noxious  Vajwurs  Act,  provisions  of       -                -                .  _  5^2 

Oils,  technical  examination  of                -                -  .  .  378 

Organic  carbon  and  nitrogen  in  waters,  estimation  of  -  .  427 

Organic  carbon  and  nitrogen  in  waters,  reagents  required  -  -  419 

Organic  carbon  and  nitrogen  in  waters,  limits  recommended  -  457 

Organic  carbon  and  nitrogen  in  waters,  value  of  ratio  -  -  458 

Organic  impurities  in  water,  estimation  of  without  gas  apimratus        -  464 

Organic  nitrogen  in  water,  Kj  oldahl  process  for  -  -  431 

Orsat-Lunge  gas  apparatus               -                -  -  .  577 

Oxalic  acid,  titration  of          -                -                -  -  -  112 

Oxidizing  agents,  list  of         -                -                -  -  .  i24 

Oxygen  absorbcnl  by  waters,  estimation  of             -  -  4450,  477 

Oxygen  absorbed  by  waters,  reagents  for               -  -  .  '  472 

Oxygen  dissolved  in  waters,  estimation  of             -  -  .  4^2 

Oxygen  dissolved  iu  vv-aters,  Hoscoe  and  Lunt's  process  -  -  270 

Oxygen  dissolved  in  waters,  SchAtzenberger'sj.  rocess  -  -  275 

Oxygen  dissolved  in  waters,  Threshes  process     -  -  .  282 

Oxygen  dissolved  in  waters,  Winkler*s  proi«ss  -  -  .  287 

Palladium  asbestos  for  gases  -                -                -  -  .  577 

Palladium  asbestos,  prejMiration  of         -                -  -  _  s^^j 

Perchlorate,  estimation  of  in  Chili  saltj»etre          -  -  _  175 

Persulphatts,  titration  of       -               -               -  .  _  334 

Phenacetolin  as  an  indicator                  -                .  .  -  34 

Phenol-phthalein  as  an  indicator           -                -  .  -  35 

Phenol- phtlialein  and  methyl  orange,  mixture  of  -  -  35 

Phenol-phthalein,  use  with  normal  potash  solution  -  -  38 

Phenols,  estimation  of            -                -                -  .  .  393 

Phenolsulphouic  acid,  preparation  of     -                -  .  .  268 

Phosphoric  acid,  in  bones,  etc.,  estimation  of        -  -  .  295 

Phosphoric  acid  in  minerals,  estimation  of            -  -  .  298 

J'hosphoric  acid  in  urine,  estimation  of                  ...  408 

Phosphoric  acid  in  waters,  estimation  of                -  .  453^  474 

Phsophoric  acid,  titration  of  -                -                -  -  -  113 

Phosphoric  acid,  precipitation  as  uranium  phosphate  -  -  292 

Phosphoric  acid,  estimation  of,  Pem  her  ton's  method  -  -  300 

Phosphorus,  estimation  in  iron  and  steel               -  -  .  232 

Pipette,  the             -                -                .                .  .  -  13 

Pipette,  calibration  of  the      -                -                -  -  -  19 

Potash  and  soda,  indirect  estimation  of                  -  .  -  143 

Potassium  and  sodium  in  waters,  estimation  of     -  -  .  454 

Potassium,  estimation  by  sodium  colxilti-ni trite  and  i)ermauganat«      -  61 

Potassium  hydroxide  and  carbonate,  estimation  of  -  -  56 

Potassium  in  soils,  estimation  of            -                -  .  -  <)3 

Potassium  iodate,  titrations  ftith           -                -  .  .  5^7 

Potassium  iK»rmanganate,  decinonnal  solution  of  -  -  -  125 

Potassium  jjermanganate,  factors  for      -                -  .  _  129 

Potassium  i>erman^anate,  titration  of  ferric  salt*  -  -  127 

Purity  of  commercial  substances,  rule  for  obtaining  percentage  of       -  28 

Pyrites,  burnt,  estimation  of  sulphur  in                -  .  .  323 

Katio  of  organic  carbon  and  nitrogen  in  waters     -  .  .  458 

Heading  of  graduated  instruments,  the  correct      -  -  -  16 

Ueagents  for  water  analysis   -                -                -  -  .  459 
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Red  liquore,  examination  of  -  -  -  -  -      05 

Reducing  ageuUi,  list  of-  -  -  -  -124 

Regnault  and  Reii«et'i«  }(a8  apparatus  ...    543 

Rei c her t  procest)  of  estimating  butter  fat  -  .  .    381 

Reich ert  value  of  fatfl  or  waxes  ...  -    381 

Reichert-Meinsl  prooejw  .  -  .  .    381 

Reichert-W  oil  no y  method  for  butter  and  margarine    -  -    392 

Reichert-Wollnpy  number  ....    393 

Roflolic  a<nd  a**  an  indi(»tor  -  -  -  -      35 


SachHiie'H  standard  mercuric  iodide  for  Hugnr  estimation    -                -  316 

Sal  ammoniac,  technical  analysis  of       -                -                -                -  74 

Salicylic  acid,  <*stimation  of    -                -                -                -                -  3i»7 

Salt  cake,  examination  of       -                -                -                                -  66 

Sa))oni/ication  value  of  fat4<  and  waxes  ....  379 

Scheibler*s  apitaratus  for  estimation  of  csirlKHiic  acid        -                -  lOV 

Septem,  Uie            -                -                -                -                -                -  25 

Sewage  examination  results,  s^Tttem  of  recording                -                -  489 

Silicic  acid  in  waters,  estimation  of        -                -                -                -  453 

Silicofluoric  acid,  estimation  of              -                -                -                -  110 

Silver,  I'stimation  in  acid  solution  (Vol hard)      ...  141 

Silver  in  ores  and  alloys.  estimati(m  of                   ...  3<J2 

Silver  phite,  etc.,  estimation  of  silver  in                 -                -                -  303 

Silver,  precipitation  of  with  sodium  chloride        ...  302 

Silver  solutions,  ]>hotographic,  examination  of      -                -                -  307 

Silver  nitrat(\  derinonnal,  pn>i)aration  of              -                -                -  141 
Silver  nitrate,  decrinormal,  u*«4>  of  in  (estimating  alkalis  and  alkaline 

<»arths,  et<\       ---..-  143 

Soap,  analysis  of     -                -                -                -                -                -  67 

Soa)>,  standard  solution,  pn^itamtion  of                ...  42H 

Soda  ash,  analysis  of               -                -                -                -                -  65 

Soda  lyes,  cnide  analysis  of    -                -                -                -                -  65 

Sodeau*s  gas  apparatus        ....                -  569 

Sodium  chloride,  dfMMuonnal  solution  (»f                -                -                -  142 

Sodium  dinntt,  (estimation  of  (F(>n ton)                -                -                -  59 

Sodium  hydroxi<le  and  (•Arl>onat<*.  estimation  of    -                -                -  56 

Sodium  i^eroxidc,  estimation  of  oxygen  in             -                -                -  291 

Sodium  thiosulphate,  decinormal  solutitm  of         -                -                -  133 

Sodium  and  ])otassium  hvdroxides  mixed,  estimati(»n  of       -                -  68 

Softening  water,  Clark  s  proct»ss  for    ...                -  403 
Solid  matter  in  waters,  estimation  of    -                -                -     41-2,  '15(5,  478 

Soluticms,  standanl,  pn'ser\'ation  of       -                -                -                -  20 

Spt»nt  li<iuor,  ammoniacal,  examination  of             -                -                -  76 

Standards  of  purity  for  sewage  etlluents                ...  485 

Standard  solutions,  det<Tmi nation  of  rejil  strength  of  non-systematic  50 

Starch  indicator      -                -                -                -                -                -  134 

Starch  |«iper,  icnlized              -                -                -                -                -  1 R) 

Steel,  estimation  of  chnmiium  in                                             -                -  182 

Strontium,  estimation  in  neutral  solul)le  sjilts       -                -                -  0!> 

Sugar,  cane  and  milk,  estimation  of       -                 -                                 -  322 

Sugar,  inversion  of                -                -                -                -                -  310 

Sugar  in  urine,  estimation  of                  ....  UlO 

Sugars,  cUsses  of     -                 -                 -                 -                 -                 -  308 

Sugar>»,  mixtures  of,  estimation              .                .                .                 .  32I 

Sulphides,  alkaline,  estimation  by  zinc                  -                -                 -  325 

Sulphides,  sulphites,  thiosulphates  and  sulphates,  estimation  of            -  327 

Sulphur,  alkalimetric  estimation  of  (Pel on ze)    -                -                -  322 

Sulphur  in  coal  gas,  estimation  of          -                -                -                -  324 

Sulphur  in  iron  and  steel,  estimation  of                -                -                -  232 
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Sulphur  in  sulphides,  decomposable  by  hydrochloric  or  sulj)huric  acid, 

estimation  of   -                -                -               -  -  -  324 

Sulphuretted  hydrogen,  estimation  of  by  arsenious  acid  -  -  335 

Sulphuretted  hydrogen,  estimation  of  by  iodine    -  -  -  336 

Sulphuretted  hydrogen,  estimation  of  by  permanganate  -  -  336 

Sulphuretted  hydrogen  in  waters,  estimation  of    -  -  -  453 

Sulphuric  acid,  combined,  titration  of  -               -  -  -  331 

Sulphuric  acid,  combined,  in  waters,  estimation  of  -  -  453 

Sulphuric  acid,  estimation  of  (Mo hr)  ....  330 

Sulphuric  acid  in  presence  of  hj-drofluoric  acid,  estimation  of  -  110 
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